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Content

Fission Yields for reactor applications: Development of a
new program at CEA-Cadarache

1/ Fission yield measurements using the LOHENGRIN recoil mass spectrometer

2/ Evaluation of fission yields in the thermal energy region: Example of the 2*°Pu(n,,,f) reaction

3/ From pre-neutron to post neutron fission yields: Case of the 23°U(ny,,f) reaction
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Fission yield measurements

with the recoil mass
B spectrometer LOHENGRIN
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Photo of the LOHENGRIN spectrometer
during its construction phase in 1975
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Tonization Chamber (IC) used for the Mass yield
measurements, positioned at the EXIT 1 place

Exit 1

(Schema provided by A.
Chebboubi and G. Kessedjian)

iresne o : :
@ _| 7th Workshop on Nuclear Fission and Spectroscopy of Neutron-Rich Nuclei / 9th-13th March 2026

Exit
- Exit 2
rRED Magnet

N

Target position

Reactor wall

Condenser Reactor core

Introduction of new tafrget

Main magnet
Heavy water pool

Container for used targets
im

Neutron tomography beamline



Relative

@ IresneJ 7th Workshop o

=

85 90

PR N T TR [N S TR T S N
95 100 105 110

Light mass Region
EI'.'I-U m :IWF'LI * :-“Am
¢ Mu = Yp
= | 2%,
= 6 i
E ® st b4
E i & “*.‘ H*
g ¥ 4 * ¢
= R g* %
E 2r ‘* u¥ o® *
< | ¢ * .
ol % . | . %
S 100F | | | |
g |né ® o gesesfocge 003.880008
T ([ *8ceer ovvBefoselonnnnnnian
'E L P T
5
=
=

Mass (u)

Relative

A

Heavy mass Region

Mry

* ]
¢ U

B Ypu &
. EHPI.I

v U

:JIAm

4 = e
LA L L LA LR

L
— T

Absolute mass yields (%)

i

8

- !i'" :
— ﬂ::}::::} foot e e :.m
S 1 00 3
= Cpo ‘
5 ' YTLrY | 28 l L @ #I:H-
E u:ﬂmu; ‘!I”it*t* T
‘"
£ 0.1 S - - »
g 13D 135 I-=1-E|' 145 150 155 160
= Mass (u)

Figures taken from R. Vogt et al.,

Fission Yields of Actinides, CRP-IAEA (2020-2025),
To be publlshed |n EPJ-A (2026)

TYUOUTUUT T TOOTUTT TrTUu \JP\/\JLIUJUUP_Y T

TNCUTTuTT 1

TTTYUOUTCOT

7 JUTTIVITAT OTT 22U 29U




WA WANNNN

® Expdata [ JEFF-3.3
¢ ENDF/B-VILO %  GEFY-6.
1 0 T '| T T T ‘ 1T T T ' T 1 T |' LI I 1 17T '| T T T ‘ T T 7T ' T 1

Structure 1

I / Structure 2
8 h /

Example:
Mass yield of the heavy mass region measured
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Example *Pu(ny,,f) reaction
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S. Julien-Laferriere, A. Chebboubi, G. Kessedjian, and O. Serot, EPJ web of
Conference, Workshop Covariance Aix-en-Provence, 2017
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Isotopic Yield measurements in the heavy mass region

Two germanium clover detectors used to measure
isotopic yields in the heavy mass region (gamma-
spectrometry technic)
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Selection of the y-rays emitted after the - decay of the fission products

Identification of the
Fission Products by
gamma spectrometry:

!

O Selection of the mass
thanks to Lohengrin
(here A=140)

U From the measured
y-rays spectrum, 3
fission products are
clearly observed:

1401 (Z =53)
140Xe (Z =54)
140Cs (Z =55)

Counts

1600

14000 -

12000 -

10000 - 139Xe
8000 - l oK
6000 - '35Cs | -
4000 l '34Xe -
2000 - " .
0- =

: —{ #°Pu(n,f) S
A=140 ‘:;Ar
q=22 ‘

1‘512(:5 E=62 MeV

1
400

1
600

I ] 1 * 1 Y I
800 1000 1200 1400
y-ray energy [keV]

i e . : :
@ rresn _| 7th Workshop on Nuclear Fission and Spectroscopy of Neutron-Rich Nuclei / 9th-13th March 2026

In particular, three y-rays
following the - decay of the
140X e are seen

10%e | p-

E,; = 805.52 keV

E,, = 1413.66 keV
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F. Martin, Ph.D. thesis, Universite de Grenoble (2013)
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239pu(nyy, f):
A. Bail, O. Serot, L. Mathieu, O. Litaize, T. Materna,
U. Koster, H. Faust, A. Letourneau, S. Panebianco,
Phys. Rev. C 84, 034605 (2011)

O Pu(ny,f)

241py(ny, f):
A. Chebboubi, G. Kessedjian, O. Serot, D. Bernard,

O. Litaize, J. Nicholson, S. Julien-Lafferiere, O. Meplan,
C. Sage, M. Ramdhane et al.,

EPJ Web of Conf. 329, 05005 (2025)
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E,=4.847 MeV
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IR are measured as a function
of kinetic energy for the 132Sn:
Important for constraining
the models
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| 4 Pu(n,f) = <J>=3.76 +0.03 - -
S | | | - _ & UM e <Jr=3445045 | - Isomeric Ratio
5 ﬁ ] Measurements:
= 45 - . . .
= I ] O Provide Isomeric Ratios
'S 4F -+— —+— If =+ e . (IR) for the future fission
7 ] | . = i . -
o DR ; yield evaluation
s 3.5 — 0 ]
E . =3 Q Compare and test our
- e ] - :
5 o ] e?<per|mental data with
55t | . | . | . | . | T different models (code
55 60 65 70 75 80 85 90 GEF, England-Madland
Kinetic energy (MeV) model, code FIFRELIN)
d Deduce the spin of the
) © fission products
See presentation of Anna SKOULOUDAKI, thanks to the
Angular Momentum in Fission through
24 Am(2ny,,f) Isomeric Ratio measurements FIFRELIN code
with the Lohengrin spectrometer
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Isotopic yield Measurements Accurate Kinetic
by gamma spectroscopy Energy Measurement

) 7

Mass yield « Experimental Activities
Measurements on LOH ENGRIN

d A

II;omeric Ratio Development of a TOF
easurements line on LOHENGRIN
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Isotopic yield Measurements Accurate Kinetic
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on LOHENGRIN

A\

Development of a TOF
line on LOHENGRIN

Mass yield «
Measurements

Isomeric Ratio
Measurements
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Since 2006: 8 PhD thesis
(collaboration between
the CEA-Cadarache and

the LPSC )

1. Adeline BAIL,
Université Bordeaux, Mai 2009

2. Florence MARTIN
Université de Grenoble, Décembre 2013

3. Charlotte AMOUROUX,
Université paris-sud, Sept 2014

4. Abdelaziz CHEBBOUBI,
Université de Grenoble, Octobre 2015

5. Sylvain JULIEN-LAFERRIERE
Université de Grenoble, Octobre 2018

6. Jehaan Nauzer NICHOLSON
Université de Grenoble, Septembre 2021

7. Adrien VIEVILLE
Université de Grenoble, Soutenance prévue
en Novembre 2026 ?

8. Anna SKOULOUDAKI,

Université Aix-Marseille en cotutelle avec
Université polytechnique nationale
d'Athénes, Thése démarrée en Sept, 2025
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Isotopic yield Measurements Accurate Kinetic
by gamma spectroscopy Energy Measurement

N .
I See presentation of Jean-
Michel DAUGAS,
Study opportunities with the
LOHENGRIN fission fragment
separator

S)

Mass yield « Experimental Activities
Measurements on LOH ENGRIN

4

Isomeric Ratio
Measurements

©

o)

See presentation of Anna SKOULOUDAKI,
Angular Momentum in Fission through

241 Am(2ny,,f) Isomeric Ratio measurements
with the Lohengrin spectrometer

Development of a TOF
line on LOHENGRIN
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Yield Evaluations for the

ission
JEFF-4.0 library:
I Example of the #°Pu(n,,,f) react

F

N

Nuclear Data Library: JEFF-4.0, to be published in EPJ-A (2026)
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Our aim: Provide the best synthesis of experimental and theoretical knowledge in order to determine the
best estimation of independent and cumulative fission yields with their variance-covariance matrices

Independent fission yields described by 3 components:

Y(4,Z,1) g Y(A)| P(Z|A). P(I|A,2)

Mass yield evaluation:
CEA-Cadarache work
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Our aim: Provide the best synthesis of experimental and theoretical knowledge in order to determine the
best estimation of independent and cumulative fission yields with their variance-covariance matrices

Independent fission yields described by 3 components:

Y(4,z,D g vl||pz|1a)| P4, 2)

Mass yield evaluation:
CEA-Cadarache work

Nuclear charge distribution
per mass: NNL work
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Our aim: Provide the best synthesis of experimental and theoretical knowledge in order to determine the
best estimation of independent and cumulative fission yields with their variance-covariance matrices

Independent fission yields described by 3 components:

Y(4,z,D gdy@l||lpzial|lpulAa, 2)

Mass yield evaluation: Proba. to populate the metastable
CEA-Cadarache work or the ground state: NNL work

Nuclear charge distribution
per mass: NNL work
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A

Our aim: Provide the best synthesis of experimental and theoretical knowledge in order to determine the
best estimation of independent and cumulative fission yields with their variance-covariance matrices

Independent fission yields described by 3 components: Fission
Models
Y(A,Z, 1) JY(A||P(Z|A||P(I|A, Z) Experimental l Conservation

/ Laws

data \
Evaluation of the
IndependentFission

Mass yield evaluation: Proba. to populate the metastable Yields : Y(A,Z,m)
CEA-Cadarache work or the ground state: NNL work

C(A,Z,1)=QY(AZ]I

. . . s _ -1
Nuclear charge distribution Where the Q matrix: @ = (I — B)
B = matrix deduced from JEFF-3.3
per mass: NNL work

decay data file

Evaluation of the
CumulativeFission
Yields:C(A,Z,m)
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Example of the °Pu(ny,,f)

Selection of experimental data: measurements from LOHENGRIN + Cumulative / Chain yields
(y-spectrometry, radiochemical separation)

O 25 datasets

a 385 experimental data
points

d Covers the mass range:
[68 - 158]

[ 3 masses not
measured:
A=114, A=121 and A=157

Fission Rates (%)
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U R. Vogt, O. Serot, R. Capote, et al., Fission Yields of Actinides, CRP-IAEA (2020-2025), to be published in EPJ-A (2026)
U G. Kessedjian, S.-M. Cheikh, A. Chebboubi, D. Bernard, V. Vallet, O. Serot, JEF-doc 2370, Nov. 2024
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Example of the °Pu(ny,,f)

Construction of the experimental correlation matrix

Renormalization of the experimental data

Regularization of the data in order to reduce the observed incompatibility between experimental
data: “Conservative approach” used for JEFF-4.0 evaluation

35 —T T Tt T T+ T T T T T T T T T T

1 The “conservative approach” assumes that the measured mean

values are correct, but their uncertainties are underestimated ) 303\
T ] —e— JEFF-4T4 ]
g 25 .

J Additional uncertainties for all datasets are required to achieve g "
. . . . l_‘20_ ° .

a good compatibility between experimental data g AN
E 15 - °\ -
£ .
=

JEFF-4.0: 4.5 % 11 experimental data points

additional uncertainty are rejected

25 30 35 40 45 50 55 60 65 7.0
iresne Additional Uncertainty (%)
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Example of the 2°Pu(ny,,f)

Results of Mass Yields

—m— JEFF-4.0_239Fu
—s— JEFF-3.1.1_235Py
—=— JEFF-3.3_239Fu
—=— ENDF-B-VIILO_239Fy
- i JENDL-5_238Pu had

,:;}
3

-
i3
n

B

L]

I

-
=
L

Uncertainties (w/o unit)

40 60 80 100 120 140 180 180
Mass Number

Significant reduction of the uncertainties:
About 2 to 3% for high yields
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Example of the °Pu(ny,,f)

Nuclear charge distribution per mass: P(Z | A)

O Based on the JEFF-3.3 evaluation: Combination of
experimental data (EXFOR) and GEF calculation

O Conservation laws:
% Conservation of the nuclear charge N(Z;) = N(Zy)
(induces a cross pattern in the correlation matrix)
% Self-normalization of nuclear charge distribution per mass
N(A, Z)

PEID =5 Na, D

Isomeric Yields Distribution: P(I]|A4,2)

O Based on the JEFF-3.3 evaluation: Combination of
experimental data (EXFOR) and Madland-England model

Nazi
Nazgs t+2Nazi

Q Self-normalization: P(I|A4,Z) =

Isotopic Index

Bt
100--200

AT Y PETEE FEUTE TP T -
300 400 500 600 700 800
otopic Index

Isomeric Ratio Correlation Matrix of 239F‘u(nm,f)

1000 :— /
800 — /

Cor[P(Z|A), P(Z'|A)]
70;—
655—
605—
of
50;—

asf-
iy +

35k

Isotopic Index

301 1 1 1 1 1 1 1 1
30 35 40 45 50 55 60 65 70
Isotopic Index

0.2 Isomeric Ratio Correlation Matrix of **Pu(n, )

Isotopic Index
(o2}
8
T

MR B R |

PRI T TR TN NN T N S A
200 400 600 800 1000
Isotopic Index
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A

Fission Yield Evaluations for the 233U(ny,f), 23°U(ny,f) 23°Pu(n,,f) and 24'Pu(ny,f) reactions
have been proposed and accepted for the JEFF-4.0 library

¥
Q Mass yields Evaluation:
% Based only on experimental data (free of model)
% Experimental correlation matrices are accounting for
% “Conservative approach” is proposed: additional uncertainties are applied on all datasets in
order to achieve a good compatibility between experimental data

Q Independent Isotopic and isomeric yields .
% Based on JEFF-3.3 library

Q Cumulated yields:
% Deduced from independent yields via decay data (JEFF-3.3)

i

Complete description of the fission yields:
Mean values, variance and covariance (Consistent according to the conservation laws)
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From pre-neutron to post neutron

Fission Yields:
Jll Case of the #°U(n,,f) reaction

0

O A. Regonesi, G. Kessedjian, O. Serot, Pre-neutron mass yield evaluation of 235U (nth, f), Proc. ND-2025, Madrid (Spain)

O A. Regonesi, G. Kessedjian, O. Serot, S.-M. Cheikh, From pre to post fission yields for 235U(nth,f) : a consistent

O A. Regonesi, PhD thesis, Université of Grenoble Alpes. April 2027
approach, JEF-DOC, Nov. 2025
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Example of the 2>U(n,,,f)

The link between the post-neutron mass yields Y, (4) and the pre-
neutron mass yields Y,,, (A+v) is given by the following equation:

Pre-neutron Post-neutron 0
o® YPost(A) = z Ypre (A+v) Pyyy (v) Z YPost(A) =2
@
v=0 A

©
\
. /'
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Example of the 2>U(n,,,f)

The link between the post-neutron mass yields Y, (4) and the pre-
neutron mass yields Y,,, (A+v) is given by the following equation:

Pre-neutron Post-neutron 0
o® Voost() = ) Vpre(A+V) Pary () > Yoo (4) =2
@ = A
v=0

° Ypost =P We use our JEFF-4.0 evaluation

©
\
. /'

iresne o : :
@ _| 7th Workshop on Nuclear Fission and Spectroscopy of Neutron-Rich Nuclei / 9th-13th March 2026 22



Example of the 2>U(n,,,f)

Pre-neutron Post-neutron

The link between the post-neutron mass yields Y, (4) and the pre-

neutron mass yields Y,,, (A+v) is given by the following equation:

(=
\
/'

Vpost(4) = D Vye(A+V) Pary(v) PROMOES:
V=0 )
Ypost =P We use our JEFF-4.0 evaluation

YPre

=)

We use the Pre-neutron mass yields evaluation performed by
A. Regonesi (PhD thesis, CEA-Cadarache), based on the (2E-
2v) and 2E measurements, after renormalization, re-calibration
and accounting for the mass resolution of each measurement
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Pre-neutron Post-neutron

The link between the post-neutron mass yields Y, (4) and the pre-
neutron mass yields Y,,, (A+v) is given by the following equation:

©
\
. /’

Voost() = ) Vpre(A+V) Pary () > Yoo (4) =2
v=0 A

Ypost =P We use our JEFF-4.0 evaluation

Ypre > \\e use the Pre-neutron mass yields evaluation performed by
A. Regonesi (PhD thesis, CEA-Cadarache), based on the (2E-
2v) and 2E measurements, after renormalization, re-calibration
and accounting for the mass resolution of each measurement

P,.,(v)| > Corresponds to the probability that a fission fragment of mass

A + v emit v prompt neutrons:
We assume a Gaussian distribution characterized by an
average value (saw-tooth) and a constant width o
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A

Generalised Least square Method used for adjusting the prompt
neutron multiplicity distribution per mass: P(v | A)

Pre-neutron Post-neutron

mass yields ﬁ ECONRADj \ mass yields

Vina(4) = ) Vpre(A+v) Payy )
v=0

¥

For this adjustment: P(v | A) follows a Gaussian distribution with:
O average values = v(A) = free parameters (saw-tooth)
O width o : free parameter, assumed to be constant for all masses
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A

Generalised Least square Method used for adjusting the prompt
neutron multiplicity distribution per mass: P(v | A)

Pre-neutron

mass yields » ECON RA Dj «
| I—«»—I;egonlesi (ZOIZS)\ | | _ 1

\s
L
\
-
T T T
11 140 150 160

Primary fission fragment mass (uma)

@

~
1 1

[<2]
1 1

(53]
1 1

Mass Yields (%)
N w N

[

4 T
17 X

18
80 90 100

/ Ylnd(A) = z YPre(A + V) Pyiy (V)
I ] v=0

1
0 120

Pre-neutron mass yields evaluation: A. Regonesi
(PhD thesis, CEA-Cadarache), based on 9 series of
data: symmetrized, recalibrated and normalized.
Mass resolution: 6=0.89 uma (FWHM=2.09 uma
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mass yields
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A

Generalised Least square Method used for adjusting the
neutron multiplicity distribution per mass: P(v | A)

prompt

Pre-neutron

mass yields ﬁ ECONRA Dj \
| I—«»—I;egonlesi (ZOIZS)\ | | _ 1
1

Primary fission fragment mass (uma)

@

~
1 1

[<2]
1 1

(53]
1 1

Mass Yields (%)
w £

N
1 1

[

I
I,
18

80 90 100

%
%

/ Ylnd(A) = z YPre(A + V) Pyiy (V)
I ] v=0

1
0 120

Pre-neutron mass yields evaluation: A. Regonesi

Post-neutron

mass yields

o]

i
o
e

Mass yields (%)
N

N
1 1 1 1 1

=
1

w
L)
*o_g
~—g
—
—

o

Fission product mass (uma)

(PhD thesis, CEA-Cadarache), based on 9 series of
data: symmetrized, recalibrated and normalized.
Mass resolution: 6=0.89 uma (FWHM=2.09 uma

Post-neutron mass yields =
JEFF-4.0 evaluation:

strong reduction of the uncertainties thanks

to the correlation matrix
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A

Generalised Least square Method used for adjusting the prompt
neutron multiplicity distribution per mass: P(v | A)

Pre-neutron
mass yields

/; ECONRADj \

Mass Yields (%)
N w » (8§ [} ~ [ee]

[
1 1 1

o

—— Regonesi (2025)\

T T T T I|' T T T T T T T

| * CONRAD with 6=0.86|

N
]

width of P(v | A) :

Mass yields (%)

w
1
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T T
100 0 120

Primary fission fragment mass (uma)

Prompt neutron multiplicity
N
1

[EEN
1

o Primary fission fragment mass (uma)
7th Workshop on Nuclear Fission and Spectroscopy of Neutron-Rich Nuclei / 9th-13th March 2026

Post-neutron
mass yields
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A

Generalised Least square Method used for adjusting the prompt
neutron multiplicity distribution per mass: P(v | A)

Pre-neutron
mass yields

Mass Yields (%)
N w » (8§ [} ~

[
1 1

o

—— Regonesi (2025)\

-~ ECONRADj «

o]

Post-neutron
mass yields

-------------------------------------
] [—o—JEFF-4.0
4 |-o— CONRAD (5=0.86)

~

(2]
1 1

N
]

w
1
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Prompt neutron multiplicity
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1 1
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width of P(v | A) :
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A

Mass yields (%)
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1 1
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o Primary fission fragment mass (uma)
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Fission product mass (uma)

With Regonesi’s evaluation

(pre-neutron), JEFF-4.0 can
be nicely reproduced
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N w B
| | |

Prompt neutron multiplicity

[EEN
]

0 +——

| * CONRAD with 6=0.86)|

width of P(v | A) :
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|
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=
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I
100
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Primary fission fragment mass (u)

Comparison of the adjusted saw-tooth
(CONRAD) with experimental data:
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N w B
| | |

Prompt neutron multiplicity
=
|

CONRAD with 6=0.86
Boldeman (1971)
Nishio (1995)

Gook (2018)
Vorobyev (2010)
Maslin (1967)

Al-Adili (2020)

o o @ ¥ |

I ! I ! I ! I I ! I
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Primary fission fragment mass (u)

Comparison of the adjusted saw-tooth
(CONRAD) with experimental data:

O Good agreement is achieved
O Nice consistency between pre and
post mass yields
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T Pre-neutron mass yields: Evaluation ] ’Z':m
g9 from A. Regonesi (PhD) gmo-
74 9 [ [}
s gk At @ o
S 64 [V foaf 0@ e b
é 54 / \ / \ E
%-4- / \ / \ § 80
2.0 | [
* / \ o
S [ 3 -
/ 9 \ @ 60+
1 f \ o/ °&\° 4 §
3 . NSRS SN . - I —
80 90 100 110 120 130 140 150 160 80 90 100 110 120 130 140 150 160
Pre-Neutron Mass Pre-Neutron Mass
v . . 15
] 1
1 | 13 A" .. /./. \\.
/'/ h . .\';l e
= o124 \ &+ W % .
g E S O \
= IEEE / -~ -\ 4
u L / J
6 44 T '\/--'/ \
00 ] ; e’
3 o F
i / —=— R;-law used for FIFRELIN
o8 |4-/ —e— Usual RT
e % o mo mo B o o 0 e % e % % 10 w4 1o 12 1o 10
Pre-Neutron Mass Pre-Neutron Mass
O Nuclear charge distribution model based on Wahl's model
O Level density calculated from HFB
O Level density combinatorial model = HFB+BSk14
U Shell corrections from Mengoni-Nakajima
U Strength function model (E1): Enhanced Generalizes Lorentzian (EGLO)
U Optical model for neutron transmission coefficients based on Koning-
Delaroche potential
O Level scheme origin from RIPL3-2021

After the adjustment of the free parameters,
the saw-tooth from FIFRELIN is close to the
saw-tooth from CONRAD

!

Average Prompt Neutron Multiplicity
N
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Fission Fragment Mass

O F-J. Hambsch et al., Nucl. Phys. A491, 56 (1989)

O P. Geltenbort et al., Radiation Effects, vol. 93, 57 (1986)

0 R;-law: Machine learning procedure developed by G.
Bazelaire, PhD thesis, University Aix-Marseille, 2025
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Results obtained from FIFRELIN calculation: Example of the 23°U(ny,,,f)

Prompt Fission Gamma Spectrum

1.6 ————— N

— FIFRELIN
—— ENDF-B/VIII.O

=
N
1

B B
7 5 0.15
2 K2,
> >
S 0.8 = '
% 0 ]
c c
= =
S ., s
- —— FIFRELIN a. 0.001
—— ENDF-B/VIII.O -
0.0 +——— - —— 1E-4 — : : :
0.05 0.1 1 2 0 1 2 3 4 5 6 7 8
y-energy (MeV) v-energy (MeV)
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Results obtained from FIFRELIN calculation: Example of the 23°U(ny,,,f)

Prompt Fission Neutron Multiplicity

T

T T T

[ ]Boldeman (1985)
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O A. Al-Adili et al., Phys. Rev. C 102, 064610 (2020),
O J. W. Boldeman and M. G. Hines, Nucl. Sc. and Eng. 91, 114 (1985)
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|—— Regonesi (2025)|

Mass Yields (%)
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Primary fission fragment mass (uma)

Evaluation of pre-
neutron mass yields
based on 2E-2v + 2E

measurements

Evaluation of post-
neutron mass yields
mainly based on
Lohengrin measurements
and y-spectrometry
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Mass Yields (%)
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Evaluation of post-
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measurements
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Pre-neutron mass yields evaluation performed by A. Regonesi (on going PhD thesis)

New evaluation of pre-neutron mass performed by
Alessandro REGONESI (PhD thesis) based on

experimental data available in the EXFOR
Data are analyzed on the basis of their mass resolution

Reference data= Geltenbort (COSI-FAN-TUTTE facility

at ILL), but need to be recalibrated

Name Region (FY = 2%)

Geltenbort [3] 0 %
Derengowski [4] 0 %
Hambsch [5] 1%
Al-Adili [7] 1%
Romano [9] 0 %
Simon [11] 0 %
Zeynalov [12] 1%
Zeynalov [13] S1 1%
Zeynalov [13] S2 1%

Tadd(%)
0.0
0.0
1.0
2.5
0.0
3.0
5.0
6.0
5.0

FWHM (amu)

2.09 £0.56
231+0.26
259+0.23
5.65 £0.12
5.75x£0.12
3.67T+0.16
4.07£0.19
5.86 £0.19
5.09£0.21

Name Year

Geltenbort [3] 1985
Derengowski [4] 1970

Hambsch [5] 1989
Al-Adili [7] 2020
Romano [9] 2007
Simon [11] 1989

Zeynalov [12] 2006
Zeynalov [13] S1 2017
Zeynalov [13]1 S2 2017

Method

2E-2v

2E-2v
2E
2E
2E
2E
2E
2E
2E

v(A)

No
No
Apalin [6]
Wahl [8]
Maslin [10]
Cold frag.
Apalin [6]
measured
Apalin [6]

Unc.

Yes
Yes
Yes
Yes
Yes
No
Yes
No
No

Sym.

Yes
No
No
No
No
No
No
No
No

Mass Range

77-159
78-109, 127-154
61-168
66-167
71-165
79-110, 126-157
118-160
79-157
79-157

Selected data after applying convolution and selecting
the region and the additional uncertainty for
compatibility with Geltenbort’s dataset

See: A. Regonesi et al., Proceedings of the ND-2025 conference
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