WONDER WORKSHOP

EXPERIMENTS ON THE SPONTANEOUS
FISSION OF CM-248 USING THE
FISSION SPECTROMETER VERDI obea A

A. AI-Adili *, A.M. Gémez L., S. Oberstedt, D. Tarrio, A. Solders, S. Pomp, [ JNIVERSITET

C.L. Fontana, W. Geerts, M. Macias, M. Vidali, A. Oberstedt
* Department of physics and astronomy, Uppsala University, Sweden

b |
%4l

EEEEEEEEEEEEEEEEEEEEEEEE

B JRC

EUROPEAN COMMISSION

APRENDE
CARL TRYGGERS
STIFTELSE

2026-006-

B ——

- —
Yy
. :

YT IIIIT I TITIIITYY Sbh4000000001



I\/Iass reso\u’uon 1< OA < 2 u Cosi-Fan Tutte, ILL
— — i 4
A "1 V] 0 ||
® R L: u\\ [,: @!15:
_ﬁ;ﬁw 4]

a neutran colhmator

b neutron pipe

¢ beam catcher
d 2/10mm Al window
e fissile target

t : target holder

1

VERDI (VELOCITY FOR DIRECT
PARTICLE IDENTIFICATION)

e '—\_/)/&\

g loading target room \\\\

h extenswon pipe for TOF : \\\\

v axial iomsation chamber N
| turbo pumps

k Tstart T coax timing detector “a%

I " stop” coax timing detector

SPIDER, Los Alamos

2E-2V FISSION YIELD INSTRUMENTS :

FALSTAFF, GANIL

SeD Start SeD Stop Axial ionization

Emissive foll chamber

MWPC detector

STEFF, n_tof

Nal detector
array

Position of start
secondary
electron detector

lonisation

chamber 1 \

lonisation
chamber 2

Support
structure

Stop 1 MWPC
detector

e
e,

Stop 1
electrostatic mirror

Connection
to pumps

Position available for
additional detectors

Stop 1 electrostatic
mirror high voltage
supply feedthrough



VERDI (VELOCITY FOR DIRECT PARTICLE IDENTIFICATION) -

Commission

JOINT RESEARCH CENTRE

2228 S.
Y Qw'
i\
S
$ ‘4\

ga3ts

| - -
\ | {
b m—
[ 4 — -
\ /
; 2

Al
: I \ _‘\"\-241. Crns an, vooal @
e Y
(| ] Are et A
- o e
AN S

\ i

......

' A / X
RS S

i
: ¥
. ﬁ o
. '} SHE




MEASUREMENT TECHNIQUE /

CARL TRYGGERS
STIFTELSE
FOR VETENSKAPLIG FORSKNING

| 0y
DOCOOOKONNIN (ol
T8 0000 Fissi F t —_
b ISSION rragmen MCP o
| , | 00
o Ao o ‘ Ae
‘ “\I "‘.‘ / '. |'b 'I\"‘,\’Y.\"\w’ '}”“"})H (
h { ': . PO K
. - , ""\"\\\"l\"\""\\’“\fﬂ :v v
9 A0 | |
OOV Il L8897 3
’:':’:‘:::’:‘:’:’:’» e e s || oo‘o::‘:':‘ ~ é
KROORANOR | KN KRR | & 5
KON & >—=——=—<"2K{ | |/ I . @)
OO T S 2 It~ <
:.:.:.:‘:.:.o i B Q@ 5
OO =_ % [
e TIME-OF-FLIGHT
T @ Target @
ye
Fission Fragment
MCP 9
2
MICRO CHANNEL & B ANTED DIAMLR
IMPLANTED PLANAR
PLATES SILICON)

DETECTORS

START TIME BY USING THE SUPPORT FOIL OF THE ACTINIDE
DEPOSIT ITSELF AS ELECTRON-EMISSIVE FOIL.




WHAT WE CAN MEASURE ;

Y" - 4 4

+ E=0.8MeV _
1 » E=5.55MeV

130k 140 80 100 120
‘\ Mass (u)
L
Pu-239 A\ co A
0
2243},{1 <{ FISSION YIELDS a A
4% PRE-NEUTRON EMISSION NUBAR ()
POST-NEUTRON EMISSION EXCITATION ENERGY
SHARING'
2% RN Y
. KINETIC ENERGY DISTRIBUTIONS
v \ & TERNARY FISSION! y
0 120/ 158160




KINEMATICS

» Calculate the pre-neutron emission mass from the velocities:

cm BASED ON:
e Vo + CONSERVATION OF MOMENTUM
m’!* =my— + CONSERVATION OF MASS
1,2 CN I 4 yrCm e ISOTROPIC EMISSION OF NEUTRONS IN CM
1 2 REFERENCE FRAME

# Calculate the post-neutron mass and thus v(A) from the measured

energy and velocity 2F

mpost — post

2
Vpo ST

U(A) = Myre = Mpost



KINEMATICS

# Calculate the pre-neutron emission mass from the velocities:

cm BASED ON:

e Vo * CONSERVATION OF MOMENTUM
mIl)Q = Moy e« CONSERVATION OF MASS

’ REF

-V%m_+gvgm 1SOTROPIC EMISSION OF NEUTRONS IN CM

RENCE FRAME

# Calculate the post-neutron mass and thus v(A) from the measured

energy and velocit
gy y - QEpost
- mPoSY =
| Mass yield resolution given by: | V}%ost

. 5 5 V(A) = mpre o mpost
Am AFE At Ad
= \ 5 +4|1— ) +4 y We need a TOF resolution around

[
200 ps (FWHM) and AE/E = 0.3%
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o CHALLENGE: TIME AND ENERGY CORRECTIONS :
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Energy and mass dependencies of the
Plasma delay time (PDT) and the Pulse
Height Defect (PHD) in PIPS

PDT calculated relative to alphas of 4.75 MeV
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LOHENGRIN RESULTS

PHD calculated relative to alphas of 4.75 MeV and 12 MeV
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SIMULATION WORK REVEALING SOME ISSUES! 0
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TECHNICAL STUDY ON VERDI OPTIMIZATION
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Optimization and re-operation of the fission fragment spectrometer VERDI
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¢ Original idea was to measure
=U(n«,f) at ILL. However, we have
a shortage on transparent target
supplies and do not have decent
samples for our experiment.

¢ Instead we have ongoing

experiments on ==Cm(sf) with
one arm of VERDI (1E-1v). With

31 PIPS detectors.

NEW CAMPAIGN ON CM-248(SF)
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1E-1V ANALYSIS E
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DATA TREATMENT

Pulse height of PIPS vs Time-of-flight
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AFTER ITERATIVE PROCEDURE r

O Typically less than 5 iterations needed
O We still need to optimize energy Loss parameters

O We need a calibration measurement to a standard (e.g. Cf-252)!
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FISSION PRODUCT MASS

O

0 6.6 x 106 reconstructed fission events

fl

o Good agreement across 31 detectors
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AVERAGE MASS AND THE VALUES, CM-248(SF) :
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CONCLUSIONS

VERDI is operational and optimized!

Systematic characterization of Plasma delay times and Pulse
Height Defects

Technical paper published.

Cm-248(sf) campaign completed and new product mass data
submitted for publication

Need to obtain transparent targets to facilitate upcoming
2E2v campaigns.

Experiment with fast neutrons at GELINA or NFS
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WONDER WORKSHOP

Experiments on the
spontaneous fission of
Cm-248 using the fission

spectrometer VERDI

A. Al-Adili *, A.M. Gomez L., S. Oberstedt, D. Tarrio, A. Solders, S. Pomp,
C.L. Fontana, W. Geerts, M. Macias, M. Vidali, A. Oberstedt
* Department of physics and astronomy, Uppsala University, Sweden
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Thanks for your attention!
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IMPORTANT TO CONSIDER THESE EXP. EFFECTS AS
EVALUATORS! COULD CAUSE A BIAS IN THE DATA




o/amu

KEY ASSUMPTIONS DURING ANALYSIS
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KEY 2E-2V ASSUMPTIONS ANALYSED 27

WE SAW THIS TREND IN
THE VERDI
EXPERIMENTAL DATA'!
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BUT THERE IS5 A REMEDY..
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