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MNT : a complementary mechanism
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MNT : a complementary mechanism

A New n -rich isotopes

122

A Promising theoretical cross - sections : .
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A Langevin equation model : use heavy
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MNT : principles
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2. MNT experiment  :13Xe+238U at ANL
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Physics case

Optimal conditionsto  produce new isotopes?

1221 Y 136Xe+238 : «heavy » partners
Y measure known actinides around 238U
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The experimental  setup: 13°Xe+238U

Beam :1%Xe at 5.15and 5.88 MeV/u
Target :238U (U 350 ug/cm 2+ C 45 pug/cm 2

136Xe beam
produced by ATLAS
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The experimental  setup: 13°Xe+238U

Beam :136Xe at 5.15and 5.88 MeV/u
Target :238U (U 350 ug/cm 2+ C 45 pug/cm 2
U- like identification

Unreacted
beam

MNT products

136Xe beam
produced by ATLAS
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The experimental  setup: 13°Xe+238U

Decay spectroscopy

Beam :136Xe at 5.15and 5.88 MeV/u
Target :238U (U 350 ug/cm 2+ C 45 pug/cm 2
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The experimental  setup: 13°Xe+238U

Decay spectroscopy
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3. Results

EuNPC 2025 : J. Bequet

~
=
=
=
—
=
—



Correlated single -ray spectrum
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240U :From identification to measurement

> [
£ — .
= 36000 % -- 1238y g.s. rot band
g 30000 [— é
- : (16") e 1825
25000 |— ‘ &
- !
20000 | ! : B 379.4
- ] I | = . %
. . . I 1 i o [ T +
Poisson _statistics o000 | 1, 8 L ! (4 4458
1 =] " = j
10000 : ! [ - 2 he 3465
1 | o .
| ! I 1 1 e
- | ! ' | 1 ' (12*) Y 11005
True number of 240U counts in ! : : | : ', 1t
. . - |
a 95 % confidence interval : ) —— D E 0 o et | 307.6
- k i i RS B '
g2 b it : : | I | (10X 99> 9
5 0 . ' S
- r & 1 | 1
[1.42 , 10.833] S . ; EL | ! : i (8')—¥— 528,69
- 1 ‘_ 0 | 1
- ' E = ! L4 : 2154
> 2 'y '] \ (6)—X__ 31819
i ! 2 ' | . 162.]
| il L - 1 (4%) 150.60
| = g 105.6
I : I i (2%) a5
: : 0+Y45 0
1 |
! : 240U
1 1
| I

EuNPC 2025 : J. Bequet ' ‘ 350 400
Energy (keV)  25/09/25



Cross - sections calculation
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Cross - sections calculation
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Cross - sections calculation
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Cross - sections calculation
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Cross - sections calculation

(1 T al) ) (1 + 042) ) (1 T O{?)) ) N’yZ . Qe . Mtarget

7 Egsl ~ Egs2 " Egs3 " EAGFA -~ I'h-1s I-At p-€
Isotope o 0Ly o3 N.o €1 (%) e (%) e (%) I I3 Nyroda | o(mb)
2407y 0.569(8)  0.282(4) 0.174(3) 6 9.58 8.89 8.29 0.981 0.963 81767 |0.06349-932
236U (rot) 0.598(9)  0.297(5)  0.183(3) 5.2  9.61 8.95 8.35 0.655 0.408 255363 |0.19840-423
236U (oct) 0.764(11) 0.363(5)  0.144(2) 4 9.77 9.17 8.03 0.964 0.960 77050 |0.060+9-975
2347 2.14(3) 0.734(11) 0.367(6) 7 9.74 9.18 8.63 0.990 0.988 237651 |0.18440-148
2327 0.546(8)  0.279(4) 0.177(3) 1.8 9.54 8.88 8.31 0.627 0.802 45474 |0.03549-19
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4. Interpretation
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Cross - sections: Uranium isotopes at 5.15 MeV/u

R.J.Charity , IAEA, Vienna, 2008, Report INDC(DNC) -530.
L.Tassan - Got and C. Stéphan, NPA 524 (1991) 121

DIT & GEMINI++ :

Langevin equations model:

A. V. Karpov; V. Saiko, private  communication
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Cross - sections: Uranium isotopes at 5.15 MeV/u

R.J.Charity , IAEA, Vienna, 2008, Report INDC(DNC) -530.
L.Tassan - Got and C. Stéphan, NPA 524 (1991) 121

DIT & GEMINI++ :
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case
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measurements
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Models for comparison

DIT & GEMINI++ : Langevin equations model :
A Purely spherical nuclei A Deformations & relative orientations  accounted for
Y Bc =5.29 MeV/u Y BN [5.28, 5.68] MeV/u
Ea

< Beam =9.15 MeV/u +«—E., =515 MeV/u

R.J.Charity , IAEA, Vienna, 2008, Report INDC(DNC) -530. A. V. Karpov; V. Saiko, private communication
L.Tassan - Got and C. Stéphan, NPA 524 (1991) 121
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Models for comparison

DIT & GEMINI++ : Langevin equations model :

A Purely spherical nuclei A Deformations & relative orientations  accounted for
Y Bc =5.29 MeV/u Y BN [5.28, 5.68] MeV/u

A Statical nuclear properties during the interaction A Dynamical deformation of nuclei while approaching

Ea

< Beam =9.15 MeV/u Eoeam = 9.15 MeV/u

R.J.Charity , IAEA, Vienna, 2008, Report INDC(DNC) - 530. A. V. Karpov; V. Saiko, private communication
L.Tassan - Got and C. Stéphan, NPA 524 (1991) 121
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Cross Section (mbJsr)

Cross - sections: Uranium isotopes at 5.15 MeV/u

—— U isotopes, Langevin DIT & GEMINI++ :
—— U isotopes, DIT & GEMINI++
10% —& I U isotopes, Measurements . . .
T * bes. completely fails for this physics
case
L
107
— Langevin equations model:
Lo | overall agreement with
measurements
107 4 Large difference with DIT
interpreted as a signature of
dynamical deformations
Lo | — lowering the barrier

1 ) ) 1 1 1 1 1
232 234 236 238 240 242 244 246
Mass Number
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Cross Section (mb/sr)

Sensitivity

limit of the experiment

101 - — z=92 Langevin equations model
ﬂ — Z=193 predictions
— = 94
i — 7 = 95
Optimal sensitivity limit with cube
. Exploratory experiment with
10-2 |__| heavy partners ,near - barrier &
forward angle:
10-3 - massive transfers outof reach
- for now
230 235 240 245 250
Mass Number A
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5. Conclusion and outlook

EuNPC 2025 : J. Bequet
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Conclusion

Successes —— U isotopes, Langevin
A MNT neutron -transfer channels observed using 130Xe + 238U J_,J | ‘ e
A The extracted cross - sections : 3
Y Agree with Langevin equations model _\_L
Y Highlight potential improvements of DIT&GEMINI++-L | = —

Mass Number

EuNPC 2025 : J. Bequet 25/09/25 13



Conclusion

Successes

—— U isotopes, Langevin

o
=]

—— U isotopes, DIT & GEMINI++
. 1w L ¢ U isotopes, Measurements
A MNT neutron -transfer channels observed using 13%Xe + 238U J_,J ‘

A The extracted cross - sections :

Cross Section (mb/sr)
=
S

_\_L

Y Agree with Langevin equations model
Y Highlight potential improvements of DIT&GEMINI++-L | = —
Limitations )

=
(=]
=}

A No mass selection Y High CoulEx background

Cross Section (mb/sr)
=
<

A Symmetry limit for studies with gas - filled separators

.ﬂ
b
o

230 235 240 245 250
Mass Number A

EuNPC 2025 : J. Bequet 25/09/25 13



Outlooks

A 232Th + %Zr 6 MeV/u at GANIL

A 238 + 64N, 7.2 MeV/u at LNL

EuNPC 2025 : J. Bequet

. future experiments

Y Proposal

submitted

& dit improvement

Y accepted experiment

to the PAC

TKEL (MeV)

-100

-150

-200

IIIIIIIIIIIIIIIIIIIIIIIIII

. —-250

W
|

10 11
ToF (Target -> DANTE) (ns)

25/09/25



Outlooks : future experiments & dit improvement

A 232Th + %71, 6 MeV/u at GANIL Y accepted experiment

A 238U + 64Nj, 7.2 MeV/u at LNL Y Proposal submitted tothe PAC

—— U isotopes, Langevin
—— U isotopes, DIT & GEMINI++

10 ; l ,_,—'* ' ¢ U isotopes, Measurements
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Barriers

Coulomb Dbarrier

EEZbZE
Rl Tt T

Be =

Minimum barrier
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Island of stability

- RMEF :relativistic mean field
SHF :Skyrme Hartree - Fock
MM : Microscopic - Macroscopic
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Island of stability
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Island of stability
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Hot vs Cold fusion
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with fusion
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Predictions : SHE
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Predictions

9.3 % above the barrier

EuNPC 2025 : J. Bequet
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MNT vs Fragmentation

MNT :
136X e + 198pt
D8 MeV/u

O
b
o
| o
59 % above barrier :_E;

g EuNPC 2025 : J. Bequet
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3D TDHF

A Novel approach for reactions
between heavy partners

A Completely microscopic
approach = more fundamental

A Each simulation =time - evolution
of one reaction

@ EuNPC 2025 : J. Bequet

TDHF

@ x-direction
------- - y-direction

Ecm=307.35 MeV |.. A 7-direction
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300
270-
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Expt. E.ZM. Kozulin et al.
Ecn=301.05 MeV
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K. Sekizawa , K.Yabana ; PRC 93 (216)
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AGFA GFS

Magnetic Field Magnetic Field

Region Region

(Vacuum Mode) (~ 1 mbar He)

Heavy Ion
— e —
A
Target
Focal Plane
qa\'e

Focal Plane

Focal Plane

Greenlees , P; PhDthesis (University of Liverpool, 1999).

EuNPC 2025 : J. Bequet

é}"arameter

Configuration

Maximum bending power, Bp
Maximum field at Q, pole tip
Maximum field at D,, pole tip
Bend angle
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38 degrees :!1 -
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Target to focal plane distance
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C) Sside view . Topview
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Magnetic rigidity : models

2 Z=54.0, A=136.0, E=663.0 MeV Z£=54.0, A=136.0, E=734.0 MeV
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Poisson distribution

B
/ e"dz > 0.95
A T(z+1)

g EuNPC 2025 : J. Bequet
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Relative efficiency (a.u.)

GS efficiency

|
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Gating efficiency

FWHM (keV)
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AGFA : Transmission

AGFA

Known FP distributions

Known beam & fragments  properties

—

Adiabatic assumption A (Eiyt.Qsart) = ( B,Q) A Set parameters to retrieve the final distribution

EuNPC 2025 : J. Bequet 25/09/25



Radiochemistry

CROSS SECTION (ub)

experiments
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B. Welch et al. Phys. Rev. C Vol 35 (1987)

@ EuNPC 2025 : J. Bequet

D. Leeetal. PRC 25 (1982) 286 :
D.Leeetal. PRC 27 (1983) 2656 :

K

ENERGY ON TARGET (Mev)

160’ 180, ZONe, 22Ne + 248Cm
180 + 24SCm' 249Cf

.J. Moody et al. PRC 33 (1986) 1315 : 180, 86Kr, 136Xe + 248Cm

M. Schadel et al. Phys. Rev. Lett. 48, 852 (1982): 238U+ 248Cm
A. Turler et al. PRC 46 (1992) 1364 : 404448 Ca + 248Cm

A Chemical separation
methods

A isotope identification
via radioactive decay

A timescale of the
fastest radiochemical
separation techniques

] =

i -— + -4 i 5

A Nuclei produced:
Z=101, N=157
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136Xe +238U at LNL : 7.35 MeV/ u

1000
l()U
11)

1

36 % above the barrier 0.1

o [mb)

1000 g

PRISMA at Grazing 100
E 10
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0.1

Response corrected mass vields mzzzn

EuNPC 2025 : J. Bequet
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Comparison with our experiment
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Original mass vields ——
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GRAZING ealculation 940 NMeV ™

PRC 92 (2) (2015)

2n transfers A cross - section D >1000 times higher in O.M.
6n transfers A cross - section D < 100 times higher in O.M.

A Larger transfers towards smaller angles?
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48 Ca + 248 Cm a-t GSI : 5'3 MeV/ u S. Heinz, et al. EPJA (2016) 52: 278

Cross Section (mbysr)

10'4 5 % above the barrier
2 PO g Rn .
1ot — 7= 5 1] ' E e Grazing : 114
I —_— 7 =93 51011 °°0/ . 90 . o
| — z=94 5 ] - Heavy partner : 28
_ — Z =095 g 103 " PP
] % ] 25 A oPu
107 ; _'_,_\_ — Z =196 g 10"4 oo 6 2 h
0] 13 | 225U :D0.2 nb/sr
1071 10‘:11
10 3
2: 85At B7Fr
10-2 __I g " v®° A pa : o
g x = Acceptance: D2
2 101g i ,.. o3P ’
L5 T e aviv=0.1 FWHM
3] E R ‘ d
3] 2] | [
10 | L * EF - \9 Ge
- T - . ; 10°4 ' ' e, Detectors
230 235 240 245 250 208 210 212 214 216 218 220 222 224 226 228 230 > oo Si
Mass Number A A Detectors
Detect
eclors
232U :D 0.3 mb/sr
: 7.5° Magnet
Scaling rule :D 2 O.M./ 7n lost e
A (below ) 225UD 100 nb/sr b
Beam stop
\
(\¢
O
g EuNPC 2025 : J. Bequet / Quadrupoles 25/09/25
lon beam



101 1

lDD ]

Cross Section (mb/sr)

103

50Tj +249Cf at GSI : 6.1 MeV/ u

1071

230

235

R:D 0.01 % for?3Ac
Angular acceptance: 12 msr
1nb*RY 83 nb/sr* RY 8.3 pb/sr( Ac = -20n, - 9p)
ANL : 249Pu ? (+2p,+9n)

@ EuNPC 2025 : J. Bequet

240 245
Mass Number A

250

A. DiNitto , et al. PLB 784 (2018)199b205
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MNT at CORSET

136X e + 238 : 8.16 MeV/u (51.6 % above barrier ) 209Bj + 238 : 8.85 MeV/u (45.6 % above barrier )

E. M.Kozulin et. al.; PRC 109 (2024) . V. Vorobiev et. al.; PRC 112 (2025)

@ EuNPC 2025 : J. Bequet 25/09/25



