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Nuclear
Fission

Intense neutron very B-deca
capture in a radioactive Z increases

short time nucleus by 1 unit

Fission
«recycling»

Proton Number

Open questions:

. Known nuclei Where does the r-process end?

.. Fission probability of n-rich nuclei?
Neutron Number " Fission products P Y

—

What is the role of fission recycling
— R-process path in the r-process?
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Inverse kinematics using radioactive ion beams (RIBs)

Surrogate reaction: (d,pf) in inverse kinematics Q Key fission observables:
 Fission probability as a function of the

Fission event: excitation energy.

®n
coincidence with proton and / « Charge-mass distribution of fission
two detected fission fragments. ./' @, fragments.
Fission . o .
/ % fragments « Energy released iny radiation during

[ fission.
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S.A. Bennet et al., Phys.Rev.Lett. 130 (2023) 20, 202501.
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ISOLDE Solenoidal Spectrometer (ISS)

24¢me Colloque GANIL, September 22, 2026, M. V. Managlia 6



i%% — Why a solenoidal spectrometer?
N S (d,p f) in inverse kinematics:

Conventional Solenoidal Spectrometer

—
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Experimental Setup
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A novel setup for studying (d,pf) reactions at ISS

Measured:

(d,pf) in inverse kinematics:
- Protons

- Scattered deuterons

- Fission fragments (FFs)

Fission y-rays from FFs.

fragments

Incoming beam

Protons: array of position-sensitive silicon Fission Fragments: AE - E Deuterons: Luminosity monitor with 4 y-rays: 28 CeBr;
detectors. Double Sided Silicon Detectors. position-sensitive silicon detectors.
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Charge identitfication of fission fragments

1200
1000- o
= 8004
3
=
<1 600+ 11023 g
— Reference isotopes
4007 3 — 10— 10—1TC
o — IOy m— 102\
BN AN — 154Gy 100N}
200 T T T T T lagpm — ”‘\;Zr
. — laﬂNd 96
1200 — ld,spl. — ”431:
— lﬁice m— 91RH
- - : - 15074 — 144118. — sﬂKT
10004 [ e 1420, 8TRp
£ 1407 859,
137X o e 83 A
.;. 00 135] — HDGe
< — 13T (0
i — —— 131G 777
____:::—_—_—_—________:_: 02 e e
<1 600+ e — _____I e — 16 m— BN
- IEQCd TDCO
: Ty 68
4001 e 1P 650\
in 112Rh f;;-;c_r
L
200 .

100 200 300 400 500 600
E [MeV]
24¢me Colloque GANIL, September 22, 2026, M. V. Managlia



AE [MeV]

Charge identitfication of fission fragments
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Charge identification of fission fragments

"Dino" plot:
Z' for all rings combined.

i B ring 5 ring 10  EEEE ring 15
5 ' : i I B ring 6 ring11 W ring 16
3500 - ' ' B ring 7 ring 12 B ring 17
| | | | A W ring 8 B ring 13 EEEE ring 18
3000+ | ring 9 W ying14 W ring 19
extrapolated
20001

2000 1

Counts

1500 A

1000 +

30 35 40 45 50
7' = Zi e + offset

24%me Colloque GANIL, September 22, 2026, M. V. Managlia 15



AE, [MeV]

1000

800 8%

600 S

400 (I

200

200

AFE vs AFE (all pairs)

Second component

400

‘“"r e

o
o
o
600 300 1000 O

AE; [MeV]

24¢me Colloque GANIL, September 22, 2026, M. V. Managlia

|-'- __ & -__ ¥ ! e ) 1-;'..; 102 Ta:rget <
i

AFE E

Due to beam contamination?

Indication of 29°Rn and 297At
from gamma rays.

Unlikely due to heavier beam
component.

Potentially an artifact,
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Fission barrier

10000

CD, target

e iion 000
10!
— 6000 ¢
> 10
< 4000
2000
0 . . 10° 10°
—500 —400 —300 —200 —100 —500 —400 —300 —200 —100
=z [mm] z [mm)]
PRELIMINARY P
. 6000 C target (scaled)
E’- fh\ M/\W%
\f L g
< 4000

N
by

Ex =—-m; + \/Mg +mf — 2yMc(E — aBzp;t)

!

Counts
%ﬁ

b

© 2000 //
0 ,
; —— CDy—C (scaled)
w01 PRELIMINARY

33 keV

= 3000

000 1

C

ounts /
[S%]

10001 W\\
R W,J

P 9 0 2 4 6 8 10

24¢me Colloque GANIL, September 22, 2026, M. V. Managlia

Counts / (mm x 18keV)



Counts / 500 ke

Fission barrier: the puzzle
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Outlook

The setup works:

Detectors performed well!

First (d,p) measurement on 232U.
Calibration done [

Resolve individual charges from fission
fragments.

O O O O

Open questions:

o Calculation of efficiencies and
comparison with simulations.
o Nature of second structure.

o Extraction of P; (after beam contaminant ” : :
background subtraction). Thank you for your

o y-ray analysis is ongoing. attention!
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The kinematics of (d,p) reactions in solenoidal spectrometers
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Solenoidal field approach

Conventional
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Solution for kinematics E,0
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energy resolution.
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Charge identification of fission fragments

30 35 40 45
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Charge identification of fission fragments
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Charge identification of fission fragments
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216Ra
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A [MeV]
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Charge identification of fissioning system
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CD, target
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Commissioning with stable beam: “?Ne(d,p)?3Ne
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31



CD, target
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1IS739: Fission of 23%Ac

Fission probability, GEF simulated

o Practical choice for investigation: based on the 0035 |

fission barrier estimated by GEF, it lies within the .
capabilities of the facility (available intensity and "
energy of the beam). 0.025 1
0.020 A
o No conclusive data on fission at low excitation & s
energies.
0.010 A
o The first study of fission using radioactive beams in 0.005 1
inverse kinematics with a solenoidal spectrometer. 0,000 |
6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0
Eex [MeV]
L Approved INTC proposal.
Sn[1] 4.923 MeV
Fission barrier height [2] 7.01 MeV D Beam time and setup geometry
Pr(1st chance) [2] 3% optimized to measure fission of 23%Ac.

[1]1M. Wang at al. Chinese Physics C 45, 030003 (2021).
[2] K.-H, Schmidt et al. Nucl. Data Sheets 131, 107 (2016).
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Technical challenges during the experiment:

o Limited beam energy (< 8 MeV/u).

o Production of 22 Ac beam in difluoride form not possible.

Monofluoride beam: production yield too low.

Change from ThC, to UC, primary target.

Too low rate.




Technical challenges during the experiment:

o Limited beam energy (< 8 MeV/u).

o Production of 22 Ac beam in difluoride form not possible.
Monofluoride beam: production yield too low.

Change from ThC, to UC, primary target.

!

Change of isotope during
the experiment A '

Too low rate.




Validation of Si array hits

CD,, mult., — 1

i | ; :
—2000 —1000 0 1000 2000
E,— E, [keV]

400
200
—200
—400

2500 5000 7000 10000 12500 15000
ko\

24¢me Colloque GANIL, September 22,2026, M. V. Managlia

o

10*

103

(-
o
v}

Counts / (20keV x )ns)

10°

S
Counts / (60keV x 5ns)

[a—
S
bo

[—
<

100



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Fission barrier: the puzzle
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24: Solenoidal field approach
	Slide 25
	Slide 26
	Slide 27
	Slide 28: What start equation gamma rays tell us
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36


  f


   E x


  f


  f


  f


  f


  f


   E X = −  m 2 +   M C 2 +  m 1 2 − 2 𝛾  M C ( E − 𝛼 𝛽  z  h i t )


  𝛾


   E X = −  m 2 +   M C 2 +  m 1 2 − 2 𝛾  M C ( E − 𝛼 𝛽  z  h i t )


  cos  𝜃  c m =   𝛾 ( E 𝛽 − 𝛼  z  h i t )    𝛾 2    ( E − 𝛼 𝛽  z  h i t ) 2 −  m 1 2


  𝛼 =   Z B  2 𝜋


   E p


  z


   E x


   𝜃  c m


  𝛾


  f

