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l. Nuclear fission dynamics within TDGCM approach
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N. Dubray et al., Eur. Phys. J. A 61, 222 (2025)
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Main degrees of freedom for fission dynamics

» Collective deformations

o Superfluidity

» Shell effects

* Intrinsic excitations (pair breaking phenomenon):

Sudden drop of TKE Odd-even staggering

F. Vives et al., Nucl.Phys. A662 (2000)  P. Morfouace et al., Nature vol. 641 (2025)
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)
Adiabatic states Excited states

/ /

o Trial wave function: |¥scrv) = /de(CI)|(I)((])> + Z /dei(Q)@(i)(Q»
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)

Adiabatic states E;cited states
o Trial wave function:  |¥scrv) = /de(CI)|(D(Q)> + Z /dei(Q)|q)(i)(Q)>
i=1,N

o Energy minimization expressed with center of mass ‘q=(g+q’)/2 and relative s=(q-q’)/2 coordinates:

n S5 [ da [ assita o) @9 a0~ El0(a + fa + ) =0
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)
Adiabatic states Excited states

/ v
o Trial wave function: |¥scrv) = /de(C_I)|(I)(C])> + Z /dei(Q)@(z)(Q»

o Energy minimization expressed with center of mass ‘q=(g+q’)/2 and relative s=(q-q’)/2 coordinates:

o 505 [ da [ dsfia - @ - FIRO @+ ) la+ ) =

TaYOr (o }j}j [ ds [ daf; @%@ g - )1 — E1(q+ 5))e () = 0
expansion
g Non local equation!
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)

o Energy minimization expressed with center of mass ‘q=(g+q’)/2 and relative s=(q-q’)/2 coordinates:

1 k[ — g2 ) = s 2) { — s .
oo 5(0 33 [ s [ das; @ @9 - o) - B+ 8)e 1(a) =0

expansion 2"

A , i _ s 2 00 _
H;i(G, s) = (@UN(7 — s)|H — E|®7(7 + 5)) SOPO 00 i(q, s)e’r = 30,200 mHii(d, 5)(s5,)] ™
. . i _ i o0 —
N;i(q, s) = (@9 (g — 5)[@D (g + 5)) PNGi(G, s)e™r = 30120 wNGi(T ) (s55)]
Hamiltonian and Norm kernels B[ = ; <A> gt
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)

o Energy minimization expressed with center of mass ‘q=(g+q’)/2 and relative s=(q-q’)/2 coordinates:

1 d . A E o
Taylor ey §(— /d *(@ e oa (V) (G — V| H — El®D (g 54 £,(q)) = 0
expansion (QZZ 1f; (@) (@9 (g — )| — E|20(q + )" £(a)

o0 Non-locality in “s” fully treated with the Symmetric Ordered Products of Operators (SOPQ) technics

. 5 : (ol - (p) / = _
”Hji(q’ 3) = (q)(J)(q_ s)\H _ E|(I)(z) (q_+ 3)) s’ dependence in SOPO %J?)(q) — ¢ ji(q7 S)Sp
N;i(q,8) = (@Y (7 - 5)[2) (7 + 5)) — N;i' (@) ji(, s)s”
Hamiltonian and Norm kernels Moments of operators
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)

o Energy minimization expressed with center of mass ‘q=(g+q’)/2 and relative s=(q-q’)/2 coordinates:

1 d . ~ 4 o
Taylor  wemp §(— /d’-keS% dU) (g — s)|H — E|®D (g + s))e’? £:(7)) = 0
orete, = bl S 3 [ 5)f s 015 @910~ 1~ P800 + ) 1)
o0 Non-locality in “s” fully treated with the Symmetric Ordered Products of Operators (SOPQ) technics

"Hji(cj, s) = (cp(j)(q _ s)\ﬁ _ E|<I>(i) G+ 5)) By lntegratmg within the SOPO
Nii(q,s) = (U (7 — 5)|@D (7 + s))

Hamiltonian and Norm kernels

Special Hamiltonian and Norm kernels
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)

o Energy minimization expressed with center of mass ‘q=(g+q’)/2 and relative s=(q-q’)/2 coordinates:

1 k[ — g2 ) = s 2) { — s .
Taor ey (033 ([ ds)f da (@) @9 - )| - EIO(q + 5))e"F fi@) =0
-

expansion 2"

o0 Hill-Wheeler equation including intrinsic excitations :

Hscivg = Eg

{HSCJM _ NV2gg N-1/2

9:/\71/2]‘”\ .

Local equation! Non-locality absorbed in the special Norm and Hamiltonian kernels
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l. Nuclear fission dynamics within TDGCM approach

Schrédinger Collective-Intrinsic Model (SCIM)

* Collective-Intrinsic Hamiltonian at second order in SOPO

. o0 Zero order: potential V(q)
2y A = V(d) + D@21V £ [B(7)-Z1@ o First order: “dissipation” tensor D(q)
sciv (q) (q) + [D(q) @q] [ (q)ﬁq] o Second order: inertia tensor B(q)

 Time-dependent Schrdodinger equation with intrinsic excitations

o Trial Wave function: |\IJSCIM(t)> — /dqf(q,t)]q)(q)) + Z /dei(qat)@(i)(Q))

i=1,N

0
o Schradinger equation: | Hscrarg(t) = ihag(t)

« Continuous and regular overlaps required for the Norm and Hamiltonian moment kernels to be
continuous and regular (strong hypothesis of the SCIM!)

g Fission 2026, Chamrousse, 9-13 March 2026 11



Il. Building continuous adiabatic and excited HFB vaci‘:g \ A
with overlap constraints in the variational principle
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... PES continuous in energy (retro- propagatlon algorlthm)
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Evolution of Q4 sighing state discont/in\uities

Discontinuity issues in the adiabatic states

» Discontinuities in energy

0)

0)

Origin: HFB solver a non-ideal minimizer that can fall in
local minima

Solved numerically by a retro-propagation algorithm based
on the overlap wave functions

 Discontinuities in states

0)
0)

0)
0)

Reduction of the collective space to few multipoles

Signed by the overlap of neighbor wave functions in the
PES which displayed small values

More delicate to solve

Same discontinuity issues in excited states (2QP)

Need of another way of producing ground and excited states!
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Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints In the variational principle

_ _ _ _ _ HFB approach under overlap constraints
Adiabatic and excited asymmetric paths in ?4°Pu

(a)
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o I}

é“mo' « 3 protocols: Link, Drop and Continuous Deflation
2 0 continuous adiabatic path

—+— PES Link + Drop (Link part)
—— PES Link + Drop (Drop part)
—— Deflation neutron
—— Deflation proton
—-1840-: ---- Lowest energy PES

1

—1820

0 continuous and orthogonal excited states

Continuity: Link and Drop protocols
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i Orthogonality: Continuous Deflation protocol
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P. Carpentier, N. Pillet, D. Lacroix, N. Dubray and D. Regnier,
Phys. Rev. Lett.133, 152501 (2024)

=
[=}
o

Gradient method well-suited for these constraints
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Il. Building continuous adiabatic and excited HFB vac}:a \\\
with overlap constraints In the variational principle
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Il. Building continuous adiabatic and excited HFB vac}l} \\\
with overlap constraints In the variational principle

Link

Link protocol: 17850 —
----- Adiabatic states (CHICON)
[, —— Adiabatic states (Link+Drop combo)
-;—1800
=
&5-1815
—-1830
1.0{p)=
0.8 o) ?
%06 l
0.4
00.2
0-0— 2000
0 Objective: To connect continuously 2 HFB vacua, A and B Qzo [fm?]
o Principle: To create a set of HFB vacua {C;j} such that the overlap cul n =
squared between two adjacent states is equal to a fixed value xp=1 f ﬂ,..““
"..."'.“ o Adiabatic states (CHICON)
.. . 200001 g v Adiabatic states (Link)
o Shortest path ensured by a maximization of the overlap between B sl DT
Qyo [fm?]
{C|} and B ') \"‘\v
E o n "Y"V"'V'Vy' ... c
P. Carpentier, N. Pillet, D. Lacroix, N. Dubray and D. Regnier, Phys. Rev. Lett.133, 152501 (2024)  &_s00}
g Fission 2026, Chamrousse, 9-13 March 2026 T T ;j:é"“'
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Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints In the variational principle

Link Drop
Drop protocol: o

“rssfaly Adiabatic states (CHICON)
’ [, —— Adiabatic states (Link+Drop combo)
{} ‘ S 180 Scission
- - . =
Cl’ ] o Objective: To create a continuous and regular path  3_;45 /
s . of HFB vacua along an energy descent 2
Y Tl ~1830
\\ O_) /I - - - -
\\C\x// o Principle: Starting from an HFB vacua “A”, creation Lok _
3 . : ]
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equal to Xp=1 0.0 00040006000 8000 | T0600~ 12600 14600
Q20 [fm?] /
----- Adiabatic states (CHICON)
—1795} —— Adiabatic states (Link+Drop combo)

From the ground state of 2*°Pu towards scission and beyond:

|
=
©
=}
%

a new continuous and regular path
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Il. Building continuous adiabatic and excited HFB vac}l} \\\
with overlap constraints in the variational principle

“Link+Drop” methods: continuous and regular adiabatic PES
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Il. Building continuous adiabatic and excited HFB vac}l} \\\
with overlap constraints in the variational principle

Where is the scission in the adiabatic state?

(a)

=5.0p === pp . _

%_5.5- B - P b e

%:2'2: i T « Chemical potential peaks at c;=495 (Q2,~ 13000fm?)
—7.0F S ..'-w-v""‘"""""'“""'*'-‘-v- pEpa—— 1

11000 11500 12000 12500 13000 13500

14000
Q20 [fM?]

Local neutron-proton ratio around scission in 24°Pu

pTr (7) i o7 -3
= () = 4 770 if p(r) > 5 x 10
= 0 if p(7) < 5 x 103

Maximum of the neutron necking at c;=495: rp ~ 4 in
coo 010 the neck, whereas N/Z=1.55 in *°Pu

Fission 2026, Chamrousse, 9-13 March 2026 18



Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints in the variational principle

Light fragment particle distributions in the adiabatic state

1.04
e Neutrons:

0 Peak at N=64 (exp. 60)
o Sharper distribution close to scission

—--==-: C# = 485 neutron
—e— C# = 495 neutron
0.8 -==: C4 = 505 neutron
Ccx# = 485 proton
—— C# = 495 proton

1 1)

20.6_ -==: C% = 505 proton e Protons:

N o0 Peak at Z=42 (exp. 40)

> . . .
0.4- 0 Odd-even staggering close to scission

0.2+ l\ -+-- Neutron -#-- Total
“,' 0.8r . \“ -7-- Proton ---- QW , =0.378
\1 ] \ 4(0.6' e .\.
0.0 As N\ /) . : e
735 49 45 50 55 S04 mmeee- T SRS
Z[ Yy .\.*I‘
0.2r N"‘v“ ‘1{.3_
*‘,_‘**‘-’_‘-' t—tt"—'—"‘j-_'_-'._'__._'
. . . . . . 0.0+ ) . ) I"“*-‘hfq-v--v—v-T-v—v-w—v—f—v—%w-v—r-v-v—-vw—y
Distributions obtained using the separation method of T T 1T T e
C.Simenel, Phys. Rev. Lett. 105, 192701, (2010) Ca

g Fission 2026, Chamrousse, 9-13 March 2026 19



Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints in the variational principle

Angular momentum distribution of fragments produced by the adiabatic state (preliminary)

Fragment léger '"Mo
0.35 4 7 zz3 Fragment lourd *'Te
0.30 ¢+ Z
0.25 T
7
2 R,
5 020 e///77 g
0.15 % /:y
7
v
0.10 + 7 f %
Z :
77
0.05 ¢ //// ?
%%
0.00 (agé%gmzmmmmmmmmm*wh 4= + T T T T
0 5 10 15 20 25 30 35 40 45 50

Distributions based on the separation method of W. Younes and D. Gogny, Phys.Rev.Lett. 107, 132501 (2011)
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Il. Building continuous adiabatic and excited HFB vac}l} \\\
with overlap constraints In the variational principle

Left, cx=475 Total, c=475 Right, cx=475

10

‘ E fission evaporation E 0
L = Static energy balance at scission I '
o ﬁssior‘ E
= barrier 5 R .
2 + W. Younes and D. Gogny, PRL 107, 132501 .
m >

(2011) (quantum separation with QP rotation)

=490 IT t:=4l90 IR It =|003
0.00

y [fm]

E=|E® + EO|E;,

: II ;I Ight, C4=

M1+M2

Intrinsic excitations ? » Deformation energy > ;mn

Def ti 26.7 MeV

eformation energy e Edef _ E(T)(495) - E(T)(+oo) 4+ E(l)(495) _ E(l)(—l—oo)
TXE ?
o » Post-scission kinetic energy

Pre-scission ?
Post-scission (Interaction energy) (178.7) MeV Eint = Eing(Nucl) + Eint (Coul)
TKE ?
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Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints In the variational principle

Continuous Deflation protocol:

Adiabatic and excited asymmetric paths in ?4°Pu

W
7ol RN g,
:& /”/ﬂ:-iN:\.\\ e E
. —18001 >
>
(]
z
>—1820
B — Adiabatic states Proton 1/2
. . o . w --- Neutron 1/2 --- Proton 3/2
o Objective: To create variational excited HFB vacua ~18401 --- Neutron 3/2 Proton 5/2
above the continuous adiabatic path Neutron 5/2 ~-- Proton 772
--- Neutron 7/2 ---Proton 9/2
—18607 ___ Neutron 972
o Principle: For each state A;, an excited state D; is 0 100 200 3c60 200 500 600
. . . #
built imposing

s an overlap x; = 0 with A, to obtain orthogonality
% an overlap Xo = 1 with D;.; to obtain continuity

P. Carpentier, N. Pillet, D. Lacroix, N. Dubray and D. Regnier,
Phys. Rev. Lett.133, 152501 (2024)



Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints In the variational principle

saddle scission
i .. @ — % — o o o, o :
Content of excited HFB vacua: mixing of 2n-QP W: 0
0.8 H
o} /\, i 240p
0.4F A <
, 7 ~ - p AR
0 2-QP component : 7(2) — L (D" |&MEH|D))] osk O/ V\/
1] 0.0 B e
0 100 200 300 400 00 600
0 4-QP component: (0 — % — o — o @ o

/\

oISy weseeir J //W,\N
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o — o — R o) o) %)
0 Intrinsic excitations: ol
- - - - - - OGh
+» Configuration mixing changing with cy odl y
s Dominant 2-QP and 4-QP components but not only 02l / R\ ,
% Pair breaking mechanism included 00k . -

0 100 200 360 400 500 600
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Il. Building continuous adiabatic and excited HFB vac}é \:\\
with overlap constraints in the variational principle

Light fragment particle distributions in the excited states

0.8

—e— Adiabatic states

<~ Neutron 1/2

-<- Neutron 3/2
Neutron 5/2

0.69 -<- Neutron 7/2

<- Neutron 9/2

074 _

Neutron odd components

 Neutrons
o Distribution enlarged

0.5

Z0.4 — .
g C+=495 o More odd components (pairs
" broken)
0.24
0.1 00" 40 480 450 . 500 510 520
0055 58 E'(:)’::E : =
0.8
—e— Adiabatic states
0.7 Proton 1/2
T proton 32  Protons Proton odd components

0.69 -<- Proton 7/2
- Proton 9/2

o Distribution slightly enlarged
o More odd components (pairs

Jos broken)
031 o Odd-even staggering tends to
02- vanish
0.14 \
g 00 . . ) —_— Fission 2026, Chamrousse, 9-13 March 2026
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Il. Building continuous adiabatic and excited HFB vac}l} \\\
with overlap constraints in the variational principle

T
1.0r(@) ! —— Neutron 12 —— Neutron 7/2
! —— Neutron 3/2 —— Neutron 9/2

Neutron 5/2 === Adiabatic states

|.Abdurrahman et al.,
Phys.Rev.Lett. 132, 242501 (2024)

0 Qneck (neutron)> Qpeck (proton)

o Neutron intrinsic excitation with a total
Qneck larger than the one of the proton
Intrinsic excitations

o Neutron intrinsic excitations hold pre-

o1 — mown fragments together in the scission area
- ::g:: 2;5 : Z'(-i(:ta(::r;tgifstates E
. = 10-2L Protons

o Neutron as the ultimate glue [l

€109k

g E
il — 0 Results in agreement with the recent g _
| — oz-oans study of |. Abdurrahman et al. using 0 0w

: EQneck Proton intrinsic excitations TDDET approach t — tyi [fm/c]

0.0 485 490 495 500 505 510 515 520 525 . .
e Fission 2026, Chamrousse, 9-13 March 2026 25




lll. Application to #*°Pu fission along the asymmetric p;ﬂh \:\\
Including Intrinsic excitations

lg(cs)? lg(cs)l
- ~ - ~
m ) m )
& & ) 4 &
T T T T T
) y
? -
./‘
N
- o
I c I
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w ©
N &
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Schrddinger equation handled numerically

0 )
Hscrg(t) = Zﬁag(t) e

lg(ca)l

-

o

) 4
T

Crank-Nicolson method e —

Initial state built in the ground state well
Initial average energy Ey= first barrier top
Initial energy standard deviation = 0.5 MeV op s AN : : ;

lg(ca)l
-

0O O O O O

Absorption is added after scission

lg(ca)l
-
5
o L
: :
“>:

Hscrm(q) =V (q) + [D(q)g](l) 4 [B@Q](z) \

dq dq

lg(ce)l
=

1 1 1 n n 1
100 200 300 400 500 600
Ca
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Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints in the variational principle

Light fragment particle distributions
e :
] -+- Boucheneb et al. (1992) ""||
» Distribution of the fragmentation "l,
Yscrm (Vi) = ZYiC?(Nl) Yscrm(Zi) = ZYiC?<Zl) . A
i=0 i=0 S i
° Neutrons: TS0 51 52 53 54 55 56 57 5'8N1579-2%— 61 62 63 64 6 66 o7
0 Intrinsic excitations broaden the SCIM neutron fragmentation "7 = s :
o Asymmetrical broadening (in agreement with exp.) 601 -+ Boucheneb et al. 1992)
« Protons: i
o No specific broadening S| P
o Moderation of the odd-even staggering P
20 . ‘}/4 "L /A\\
Need of a 2D extension of the SCIM to compare fully with experiment ol g o\
27
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lll. Application to #*°Pu fission along the asymmetric p;ﬂh \\\
Including Intrinsic excitations

0.8 —— Adiabatic = —— Excited —— Total
ool scission . o .
| Probability fluxes extracted from a continuity equation
0.4F
= 4 dPlez > ¢
Hewtp) = [ atEZ
0 dt
o.0r saddle
0255 100 200 300 400 500 600 700 800 o = 7.90 10'20 S
’ o Averaged over [445,545]
o Neutron > Proton
0.8 —— Adiabatic states Proton 1/2
—— Neutron 1/2 Proton 5/2
= — —
1/2 3/2 5/2 712 Adiabatic
x 0.4
2 Jﬁ/ Neutron % | 20.3% - 0.0 %
0.2} 15.8 %
A 4 Proton 2.1% - % 2.8 %
(I) 160 Z(I)O 360 4(I)0 5(':10 660 760 8(I)O

C#
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lll. Application to %*°Pu fission along the asymmetric p;ﬂh \\\
Including intrinsic excitations

i .
: fission

evaporation

fis sicr\
barrier

M1+M2
Intrinsic excitations 7.6 MeV
Deformation energy 26.7 MeV
TXE: Exp.=~ 30 MeV | 34.3 MeV
Pre-scission 25.8 MeV
Post-scission (Interaction energy) ( ) MeV

TKE:

EXp.

=~ 181.2 MeV

178.3 (204.5) MeV

Energy balance at scission

545

* Intrinsic excitation energy

i cyp=455

1
E* = mz Z di(cu,tr)AE;(cy)

N N4
Ve

scission

o
T

IS
T

E"(c#) [MeV]

N
T

ol saddle |

100 200 300

* Pre-scission kinetic energy

EPS = EO =— (EHFB(495) —+ E*)
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IV. Conclusions and Perspectives

Conclusions:

o First application of SCIM on the asymmetric path of 24°Pu
o Need of continuity et regularity

o Creation of new protocols based on overlap constraints (Link, Drop, Continuous deflation) to define HFB states
compatible with the SCIM and dynamics in general

0 Importance to include intrinsic excitations within the description of fission

o ...
189Hg with Link+Drop
Perspectives: STy ol

o Improvement of energy balance by improving the fragment separation
o Improvement of energy balance by considering intrinsic excitations

o Application of 1D SCIM to other systems (see talk of P. Nieto Gallego) g -
0 Better understanding of the Deflation method .

o Study of half-lives (in progress)

0 Generalization of SCIM to 2D for an exhaustive comparison to experiment (PhD thesis of P. Nieto Gallego)
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Il. Building continuous adiabatic and excited HFB vac}l} \:\\
with overlap constraints In the variational principle

Non self-consistent 2QP excitations

(a)/ e o Discontinuity and irregularity issues in 2QP states
S * Non self-consistent 2QP excitations
o Original proposal of the SCIM
o Time-even |®;) = a(&7E +&7E0)|P)
o Followed by continuity

(i (@) @i (g + 0q))| = maxy o [(Dy;(q)|Pirj (g + dq))

i ‘; 'Y' '} / o0 Minimizing average particle number breaking
§o i TAY , o Not suitable
K | /\\/\\/\/\/
=

0 2000 4000 6000 8000 10000 12000 14000
Gl e Particle number PAV for adiabatic and 2QP states
- o Solve the energy problems
1780k o Creates ambiguous mixing
Loa Particle number PAV

Overlap between projected
ground and excited states

2 —1800-

Energy [M

-1820-

— P Adiabatic states N, 0 2000 4000 6000 8000 10000 12000 14000
.

—1840- -+~ p - 2-quasiparticles neutron 1/2 Qzo [fm?]
@ A T 0 "2QP states produced by VAP also not suitable



Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints in the variational principle

—1800.5-(3) m\‘\ -<- P-2-quasiparticles neutron 1/2 (1)
~. -==- P -2-quasiparticles neutron 1/2 (2)
—1801.0
>
z
R NN
3—1801.5 r T ~_
3 ~
e =
W_1802.0F h

‘‘‘‘‘
~.a
_______
_______

~.—

—1802.5F / ~—s
L L L L L L
S B N

1.0 ( ) S W /M o
a :: A I=I i 1 b= , 5 o1f o T T
' | ¥ l :| R i Rt
0.9r . ] i S | T e
i 17 2 lap kernel between (1) and (2)
: 1 1 5 02 lap k | between (1) and the adiabatic states
: : : ‘ l - - — g ) . . lap k I| between (2? and the adia‘batic states
%08 i : : (b) ‘\\fi:'/“"l//’(c) i‘Q* Itlz,?‘kl”“,,\.* f.‘. 6500 6600 6700on [fm2]6800 6900 7000
D i 1 " i Vo !
o ' 141 ] i o0l o
> P ' ¥ ¥ |
©0.7 H 1 i i Vo
AT ; ooy - i
E i | : \d « 2QP excited states strongly irregular
= ' - - -
06 i o Even built from regular adiabatic states
[} — . ;. i . .
i 2-quasiparticles neutron 1/2 o Existence of numerous level repulsions
0.5F 14 —— Adiabatic states | th th
0 2000 4000 6000 8000 10000 12000 14000 along the pa _ _
Qa0 [fm?] o Makes the SCIM unusable in practice

* Need of another way of producing
excited states!
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Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints In the variational principle

-1790-(a)\ saddle -~ Adiabatic states (Link+Drop combo)
— : _—1800- \MN”"’"““'“-...., o
e | ! T ggesten New collective variable c,
3-1830 : [\
15000F :cj ~1840 : : ““
1060 ! P o Index of the states generated by the Link and Drop
= 1 1 ) L~ . .
£ ro000r 6 3G soo 700 Tobgo 12300 15000 17500 protocols naturally provides a new collective
“1700[ 01, saddle coordinate cg, canceling out the irregularities of the
5000 - F PRt e .
>_i:(1)g \.,../-“""‘"\”“. ! MM::ISSIOH kernels
2500F =-1820 i .‘\* / / /
3- A —
SN DN SN B i . Vey, Cyy (Pley)| ey £1)) = (B(cy)|P(cy £1))
Ca -1850 ! ! . .
1850 | I ™. | 0 neighbors states are distant from a constant
(I) l(I)O 260 3(l)0 460 S(I)O 660 Overlap XO
LOF ey, 0 Cgx not a trivial coordinate as Qo(cx) is a non-linear
\\ function: different slope before and after saddle
0.8 \
oot o0 Distance between the states generated by the Link
e \'\ and Drop methods in line with the GOA predictions

0.4F '
—— GOA approximation

| Linkx_0=0.999 - o Collective space dimension left unchanged
02 Link x_0 = 0.95 — \ P 9
g ® Adiabatic states . . Fission 2026, &hamrousse, 9-13 March 2026 385
0.2 0.4 0.6 0.8 1.0




Il. Building continuous adiabatic and excited HFB vac}l} \:\\

with overlap constraints In the variational principle

C#:495
5ol 4, l
S-5.50 - /"’\-I-\
= —6.0r e
2-65r 0 e A =
—7.0f -7

11000 11500 12000 12500 13000 13500 14000
Q20 [fm?]

y [fm]

—10 10
z [fm]

pr () T -3
() = | 770 if p(7) > 5 x 10
0 ifp(r) <5x1073

Phys. Rev. Lett.133, 152501 (2024)

a P. Carpentier, N. Pillet, D. Lacroix, N. Dubray and{®: Regnier;

Where is scission?
Chemical potentials peak at ¢z = 495 (Q,o ~ 13000 fm?)

Maximum of neutron necking at c; = 495

-+~ Adiabatic states (Link+Drop combo)
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Il. Building continuous adiabatic and excited HFB vac}l} \:\\

with overlap constraints In the variational principle

1.0

0.8+

0.6+

Y(N))

0.4+

0.24

—— Cy =495 h

- co=505 240Pu i

Cy = 485

Neutron

—
-

56

58 60 62 64 66

—_——

cyg = 485

cx = 505

Proton

36

38 40 a2 a4 46

Particle distribution of the light fragment

C. Simenel, PRL 105, 192701 (2010)
Particle number projection

Neutrons
0 Peak at N=64 (exp. 60)
o Sharper distribution close to scission

Protons
o0 Peak at Z=42 (exp. 40)
o Odd-even staggering close to scission



Il. Building continuous adiabatic and excited HFB vac}é \:\\
with overlap constraints In the variational principle

Adiabatic ZPE and collective mass of SCIM: Good agreement with exact GOA

_ 9.a 0 (2
Hscim =V |+ [Dé,—]( '+ B
q q 1
M=——
ZPE =V — Egrg 2B
0.5 0.014 === GOA+Cranking —== GOA+ATDHFB Exact GOA —— SCIM
_1.0- ———————
S
[)
Z-15
w
(=9
N
-2.0
—== GOA+Cranking Exact GOA
—Za -=- GOA+ATDHFB — SCIM
(I) 160 260 3(I)0 4(I)0 560 660 (I) l(I)O 2(I)0 360 4(I)0 560 6(I)0

Cy C#

g Fission 2026, Chamrousse, 9-13 March 2026




Il. Building continuous adiabatic and excited HFB vac}é \\\
with overlap constraints In the variational principle

—— Adiabatic states
—- ron 1/2

=z
®

T ot =405 Particle distribution of the light fragment
o n3/2 H—

n 5/2
n7/2
on 9/2

ron 3/2
ron 5/2
ron 7/2
ron 9/2

c cccc
= =
VIV DD
53 3
o o o
o e oo
© o ©

[=]

o
z2zZzz 2z
™o ® O

5= ro!

* Neutrons
0 Peak at N=64 for adiabatic state (exp. N=60)
o No odd-even staggering
o0 Increase of odd components with the excited
states: pair breaking
o Enlargement of distribution with excitations

Neutron Proton

y
46

Y Y
36 38

56 58 60

 Protons
0 Peak at Z=42 for adiabatic state (exp. Z=40)
o Odd-even staggering in both adiabatic and
few excited states
0 Increase of the odd components with the
excited states (excepted the 9/2 state)
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Il. Building continuous adiabatic and excited HFB vact

with overlap constraints In the variational principle

Neutron intrinsic excitations

cy =485, O =9/2

-10 0 10
z[fm]

cy =485, QO=1/2

cy =495, Q=1/2

cy =495, Q=3/2

cy =495, Q=9/2

-10 0 10
z [fm]

cy =505, Q=1/2

cz =505, Q=3/2

cx =505, Q=09/2

-10 0 10
z [fm]

y [fm]

y [fm]

y [fm]

y [fm]

y [fm]

Proton intrinsic excitations

cy =485, QO=1/2 c#=495 Q=1/2 c#=505 Q=1/2

* Neutron intrinsic excitations:
0 Local ratio rp higher than in the adiabatic state
o Differences from one excited state to another
o Differences in the separation: the greater the maximum
of rp the later the separation

, Q=32

y Ny/o | Ng/2 | Ns/2 | N7/2 | Ng/
cy — 485 ] 5.56 | 8.62 | 5.65 | 4.66 | 7.65
cy = 495 | 10.40 | 12.38 | 11.30 | 8.73 | 14.22
cy = 505 | 20.21 | 9.23 | 20.48 | 9.41 | 29.13

, Q=5/2 c4=495, Q=5/2

Proton intrinsic excitations:
o local ratio rp quite similar to the adiabatic state and
smaller between pre-fragment than in the adiabatic state
o Neutron necking clearly visible only in the 9/2 state
o More proton in the neck than in the adiabatic case

-10 0 10
z [fm] z [fm] z [fm]



