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Motivation: nuclear data for criticality safety O

NEA Nuclear Data High Priority Request List, HPRL  Stainless Steel is often used as a structural
material in nuclear reactors and contains
_— P —— between 11-26% of chromium.

EG-HPRL
(36-C)

High Pricrity Requests

HPRL M;
an (HPR)

Standard Dosimetry

Target Reaction and process  Incident Energy Secondary energy or angle Target uncertainty Covariance
24-CR-53 (ng) SIG 1 keV-100 kev 810 Y

Field Subfield Created date Accepted date Ongoing action Archived Date
Fission 20-JAN-18 05-FEB-18 Y

[=] Send a comment on this request to NEA.

 There are serious discrepancies (¥30%) between

Email: roberto.capotenoy@iaea.org
Project (context):

the different evaluated data of >°Cr and >3Cr

Neutron absorption in the Cr isotopes of structural materials affects the criticality of fast reactor assemblies [Koscheev2017]. These cross sections are also of interest for stellar
nucleosynthesis [Kadonis10].

capture cross section, which is not present in the

Selected criticality benchmarks with large amounts of Cr (e.g., PU-MET-INTER-002, and HEU-COMP-INTER-005/4=KBR-15/Cr) show large criticality changes of the arder of 1000 pcm

due to 30% change in Cr-53 capture in the region from 1 keV up to 100 keV [Trkov2018]. On the other side different evaluations (e.g., BROND-3.1, ENDF/B-VII.1, ENDF/B-VIIL.0 and JEFF- . o [ [
3.3) for Cr-53(n,g) are discrepant by 30% in the same energy region. For Cr-50, evaluated files show better agreement at those energies but they are lower than Mughabghab evaluation C O r re S O n I n e St I m a t e u n C e rt a I n t I e S
of the resonance integral by 35%. These discrepancies are not reflected in estimated uncertainty of the evaluated files (e.g., JEFF-3.3 uncertainty is around 10% which is incensistent .

with the chserved spread in evaluations). Due to these differences we request new capture data with 8-10% uncertainty to discriminate between different evaluations and improve the
C/E for benchmarks containing Chromium and/or SS.

Justification document:

Criticality benchmarks can test different components of stainless steel (85), including Cr which is a large component of some 8. Currently, a large part of the uncertainty in S8 capture

seems to be driven by uncertainty in Cr capture [Koscheev2017]. Indeed, some benchmarks highly sensitive to Cr (as a component of SS) indicate a need for much higher capture in Cr - - . °
for both Pu and U fueled critical assemblies (e.g., HEU-COMP-INTER-005/4=KBR-15/Cr and PU-METINTER-002=ZPR-6/10). . O E‘ D N EA- H P R L ( H I g h P r I O r I ty R e q u e St LI St
o o
- 2033Cr(n,y) within 8-10% at 1 to 100 keV.
y [ ]

 New evaluation available: IAEA-INDEN (August’23)

Previous talk link: Geneva’23
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https://indico.cern.ch/event/1279454/contributions/5405341/attachments/2653357/4595613/20230515_nTOFMeeting_PPerezMaroto.pdf

Why the discrepancies? o

* The main problem for measuring Cr(n,y) is the
large neutron multiple-scattering effects o
* |In the previous measurements thick sa
were used, aiming for good statistics
wide energy range

— 102

Crpss Section (harns)

- 10-2

* [ w 1) JEFF-3.3: CR-50(N,TOT)
m 2) JEFF-3.3: CR-50(N,G)CR-51
"\w 3) JEFF-3.3: CR-53(N,TOT)

JEFF-3.3: CR-53(N,G)CR-54

O-t \

Captureyield — Y =Y, +! Y; + Y, +Y3. J
(captures/neutron) Y
Analytical Numerical
(accurate)  (aproximate)
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How to improve G(n,y) down to a few %? o

* Enriched (expensive and scarce) material with high purity - 94,6% ~°Cr & 97,7% >3Cr
 Controlling multiple-scattering effects:

= Very thin/thin sample approach

= (D, detectors (low sensitivity to scattered neutrons)
 Complementing with *°Cr activation measurement - HiSPANoS@CNA

Experiment Beer Stieglitz Brusegan Kenny Guber This work
P (1975) (1971) (1986) (1977) (2011) (2022)
Facility FZK RPI GELINA ORELA ORELA n_TOF

L (m) 0,7 27 60 40 40 185
Energy (keV) 1-300 1-200 1-200 1-200 0,01-600 1-100
Density >°Cr

(103 at/barns) 18 8 z 5/8 0,6/1,9
Density >3Cr
(1073 at/barns) = = 12/60 a17 14 1,2/6

Our “thicks” are thinner than all previous
- lower multiple interaction corrections

Pablo Pérez Maroto || n_TOF Collaboration Meeting || 22/11/2023



CcD calibrations g

4.5 ? %Y measured . ;
4 ;_ v Simulated 0 . ‘I 9 ;7
3.5 —— Simulated (broad) =
S o5 2 017
§ 15 8 8123
1 n“:’ e
05; 0.14-
s 1 15 . 0.13-—
Deposited energy (MeV) 0_12; | T R e B R e
0 1 2 3 4 5 6 7
Deposited Energy (MeV)
16 - —— ¥Cs measured
14 ;— - Simulated
. —— Simulated (broad) | R .
3 o We calibrate the C.D, detectors in
£ 2j energy and in resolution using a
© 4 combination of radioactive source
2 : :
S P S . measurements + GEANT4 simulations

Deposited energy (MeV)
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CeDg cahb

Counts/bin/7-10'2 protons
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C¢Dg gain shift g

Am/Be on C6D6_4

E 11007 * Very small gain shift during
5 0.02 i :2% -- the 42 days of experimental
§0.01 ;.lma.'i | ] " ‘n‘ n'NJ'W:l.!'JM'H* | —03/08 campaign; seems more
_5 il m‘ 1 W' g W! WM‘ | M(Ww _;gjg: significant in detector 4
2 oo '\”‘» }I“"l'i than in the other§.
80005 W * Each run-set has its own

- “' M ' calibration to take the shift

0 Whhetimuena x10°  jnto account.

140 160 180 200 220 240 260 280 300
Signal area
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Counting rates and monitors (E, = 1-100 keV) o

5 C6D6 1 )
2" . cope2 En=1700keV
- - e
g 4 WS - \53Cr-thick!
& © . C6D6_4 *
o] -
o 3°
S w >0Cr-thick ' y
2 15 53Cr-thin
O '5S0Cr-thin
O e ERY gg
100 200 300 400 500 600 700
Bunch
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Counting rates and monitors (E, = 1-100 keV) e
x10°
92l Tl : 53Cr-thick * On 23/07 something happened that
N :8'2*' o . affected the Pick-up (not visible on
2 486 : | e i BCT/SiMon ratio).
z :-2‘2‘ : * Anyway, the BCT/PKUP ratio change is 1%.
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Counting rates and monitors (E, = 1-100 keV) TOF
x10°
4.92 i, : 53Cr-thick * 0On 23/07 something happened that
49" : .
o 488l el . affected the Pick-up (not visible on
2 486 ._ : BCT/SiMon ratio).
§ :'2‘;? s TR e Anyway, the BCT/PKUP ratio change is 1%.
48" ‘: * Not visible on C.D, Counting rate vs BCT &
4780 4y ... .x1¢® SiMon - best options for monitoring.
20 49 60 80 100 120
. | Bunch I ‘
E? 445 I PCrthick  ~39% consistency gigfi I »Cr-thick ~7% consistency
o 42 | S 220 1. (low Simon stat.)
S 40 gl 4l = 200 1,
5 38 éﬂﬁﬁ WW& i } %%{i &r rﬁ %ﬁwt«wﬁw ;&aﬂ B 180 Tt e T RTAISLY
530 36 ". = 160_‘ ; '." ; .‘:."‘."'..':,‘*"....I'.'."w" - AT SECXRINE o
N i o 140_. e e v "
® 34 I O 120~ |
332 : | 100 '
030:‘ J L I L L S >(103 = . 0 | - ><'|03
20 40 60 80 100 120 20 40 60 80 100 120
Bunch Bunch
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Cou thng rates and monitors m
3.5¢
§ 3 i ey
5 25 —cep6 3 ¢ During the Mo-campaign, it
o 2 —CeDoA was detected that detector 3
% 15 was ~5 mm closer to the
2 1 sample than the others.
3 05 | * Inthe Cr data the sameiis
95 4 45 5 55 6 65 observed.
Neutron energy (eV) * Needs to be taken into account
. when simulating the response
g% it St P for the Weighting Function.
S LA A iy * Lessthan 0.5% ditference
S, * ‘ between the other three.

) I | | | I L | | L . | | L | | L L | | . I | | | I I | L
2000 4000 6000 8000 10000 12000 14000
Bunch
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/AU Weighting Function o

* We are going to normalize the Cr data to 1°’Au saturated resonance
 Two methods to obtain the Weighting Function:
= With E_,, =0 MeV + full capture cascade
= With Emin = Ethreshold
* High quality simulated '°’Au cascades are available (thanks Emilio & CIEMAT!)

102 ; Y7Au cascade (sat res)
A T Simulated —~. 10_2
. 10 g[ Simulated (broad) %
S - = i
s 1 %\\,ﬁ o
"E 1 0—1 = il ” %
o S - S
010 = W %
10°° HmM " o
5 I E N B Tﬁnﬂ“”l]l]ﬂ.ﬂ.
0 2 4 6 8 10 12 _
Deposited energy (MeV) Deposited energy (MeV)
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/AU Weighting Function o

 With a perfectly calculated Weighting Function, the weighted efficiency
should be EW(E]-) =2 WiR; ;
* |t's not true when applying a “threshold” to get the WF.

N 1.2
10 — No threshold Y ' —=— No threshold
- |+ 150keV threshold il * 1.15 +— 150keV threshold
8 —| = 250keV threshold " L = —=— 250keV threshold
.— L]
e = s® Lu 1 1
m 6 L s? of ’ TS
= 7 o = 1.05
i . oC
s st >
p— | ]
[PN] - ot ;
4 B Lk * Al 1
B o ot
2 s 0.95
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/AU Weighting Function o

x10°
356 CaDé_1 4 Realistic °’Au cascades are
& 3f |—CeD6_2 //// available - our desired
2 o5 | C6D6_3 /// option to apply the WF.
i—; o | CeD6_4 /A/ * For the moment we don’t
£ 150 7/// have the Cr cascades (we will
3 1 g soon!).
= 0.5- // * For now: we calculate the WF
0 T considering E, . =200 keV.
0 1 2 3 4 ) 6 / 8 9 10
Deposited energy (MeV)
N
. kgl D Wl-Rl-(‘: j C6D6_1 C6D6_2 C6D6_3 C6D6_4
thr — N_E, F. 0.950 0.973 0.968 0.976
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>3Cr Weighting Function o

x10°
Ci— . .
_ 3.5 —C6D6_t >3Cr-thin / Each sample’s geometry is
2 g —Lobe2 /,/ different - 4x4 different WFs
S, . ~©C6D63 ,/ 50,53 : :
iZ.g __C6D6_4 s (>°~3Cr, thin and thick)
%1.5 /// L
2 _— % —cevei | S3Cr-thick )y
= F __— & S —C6D6_2 s
050 S o5 C6D6_3 s
O~ S 5 L GBD6_4 4
0 1 2 3 4 5 6 7 = o _ -
. (&) - 7
Deposited energy (MeV) £ {5 /
% 1: ///
200 keV threshold, =05
. . - "
no correction applied T T N S S e S N

Deposited energy (MeV)
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Preliminary 12/Au yield o

- P M D t | | Y ~
0.6 BIF =0.61 g"*"’*’é*'”“l._‘ .............. Fi?t:d yield ExpeCtEd. BlF = O'§6 [1]
05 [ * Not the final version of the
I : 1 . . . .
- / | Weighting Function, in the
o) 0.4 i \ future we will use the full
o L ! !
< 0.3F / cascades.
0.oF H 4 * Also missing the rest of
- correction factors like
0'15 M“‘ multiple y-ray counting and
s eniesult R R O S E i (S OO internal conversion e-.
O3 35 4 45 5 55 6 65 7

Neutron energy (eV)

[1] Guerrero, C. etal, “Performance of the neutron time-of-flight facility
n_TOF at CERN”. The European Physical Journal A, 49(2), 27 (2013)
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Preliminary >3Cr yield (1-10 keV, thin target) o

1 8i ﬂ n;TOF data
1 6 30-100% difference | JEFF3.3 & ENDF/B-VIILO
- . CENDL3.2
:: g / Jﬂ INDEN
'>_-0.8: / | ]H Ml\ / \]\//jll }]ﬂm /N
. | /Wh J,WK / | Iy i HT\
0.6 | w7 A B
0 4 J} “W TR ; I / | F7 h i—I’]z & N
]. } i }I;ﬁ_lﬁ } }\
0 2 i ] PN

> 4 68 8 10
Neutron energy (keV)
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Preliminary 53Cr yield (1-10 keV, thick target) o
<102 >3Cr thick

— n_TOF data

—— JEFF3.3 & ENDF/B-VIII.0
—— CENDL3.2

—— INDEN

bbbk | [ LT TTTTTTTTTTTT]TT

Yield
—_ DN W b~ Or O

Neutron energy (keV)
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Preliminary >3Cr yield (~30 keV, thick target) o

x107° S3Cr thick _ _
E n_'I:OFdata
2.5 ’ JEFF3.3 & ENDF/B-VIIL0
- /\ CENDL3.2
2 N l INDEN
O B /A
©15" |
> W
%// \ N

1 /
0 5:: } ’f// \\ /]( T %J |
ol II ]E{ Mﬂ N%#EELMJHWTJ N

—
——
——
——
——
—

28.6 28/8 29 292 29.4 296 29.8 30 30.2 30.4
Missing resonance Neutron energy (keV)
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Preliminary >3Cr yield (~65 keV, thick target) o
103 >3Cr thick

1 n_TOF data
i JEFF3.3 & ENDF/B-VIII.0

CENDLS3.2
INDEN

+ f
©0.6 fl
0 { | -

: i A
0_2“ ” H ] JH J }Th{} AT ] H] ‘J.hl | } H m/ H I, M] ]ﬂ
I M H ’ / ” = hhﬂj“m’ ! ]i l ﬁﬂl Hﬁ 1} I HHHLLT
OMMH o P! 1l H”” " L ‘ i %Ill ;

61 62 63 64 65 66 67 68 69
Neutron energy (keV)
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Preliminary >3Cr yield (~65 keV, thick target)

_3 53 .
%10 Cr thick : :
1 n_TOF data
i JEFF3.3 & ENDF/B-VIII.0
~ At65.6 keV the evaluations CENDL3.2
0 8 | include a wide s-resonance, INDEN '
"~ modified in INDEN

i Y
0 6 || Evaluation r (meV) | T, (meV) Wf
V

| JEFF3.3 500 4,02-106
0.4 | | CENDL3.2 500 4,40-10°
[ | INDEN 3,29-103 | 4,02-10° ] l

02 J T T . | HM
- MH “ /” '}1111“%1-[1’]]

OTMM Py | }lill}l | }’l,]ﬂ]p | Sl N ‘ R ot
6 62 63 64 65 66 67 68 69
Neutron energy (keV)

Yield

%
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Preliminary >3Cr yield (~65 keV, thick target) o

%1073 >*Cr thick
T . win r,500 meV in INDEN it e FEVIL
- fits better the background. ﬂ —  CENDL3.2
0 8 __* Conclusion: evaluations still — INDEN
TR have problems; our data is Y N INDEN_MOD
- very much necessary! f
L' K

i
,%MT ] Hl h \ o
T/ \|

ML (LRI
1

1]]1] HI]h;} ]] H}“]J

63 64 65 66 67
Neutron energy (keV)

W
=
%
[ A )
s
[ (LT P .
G
— R
h e
N N
[N
3
o
.'Qtl
—_— h Ll
— -
7
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How good does the RF fit our tails? o

%1073 >>Cr thick
{1 TOF data  We are using a May’23
i - version of the RF.

0.8__ ______________ Fitted yield . Fit > only E. free.

D06 l} * The “tail” of the resonances
> 04 JH [ are well reproduced, but we
N ] ) l“ L o observe a shift in energy

0-2--} 1 i ] 0 i ] Dl naime from ~ 40 keV onwards.
bbb b L T ~—t-| o Final version of the RF also

% a5 65 655 66

Neutron energy (keV) needed for our analysis.
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%

Summary & Outlook

* The goal is to improve the >%>3Cr(n,y) cross section to 8-10% accuracy at 1-100 keV
* Two experiments:

= n_TOF@CERN, Summer’22 (H2020-Ariel Scientific Visit).

=  HiSPANoS@CNA, March’23 (H2020-Ariel Transnational Access).
* Preliminary results show high quality data.

* Next steps:
= QObtain °%°3Cr capture cascades (known?)
=  Apply corrected WF - Yield
= Estimate systematic uncertainties
= Resonance analysis with SAMMY
= Activation @CNA data analysis (2023/24)
= PhD defense in Fall 2024, one year from now

n_TOF experiment
data analysis (2023/24)
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Thank you!

Pablo Pérez Maroto
ppmaroto@us.es

== —Aﬁp H#A

Centro Nacional de Aceleradores
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Backup. The neutron TOF facility at CERN o

EAR2 -> 18,5 m
~108 cm~2pulse s s

Accessy
AE/E~4-10° @ 1 ev

| ~ e
EAR-1 g8
| d._ e'\,' .

: s
el - : |
oy
" Iy

Access

EAR1 -> 185 m
~10% cm~2pulse?
AE/E~5-10% @ 1 ev

Sweeping

) magnets
- Taw- P~ & -
»rotols Spallation Protons from PS
g" target 20 GeV/c at 0,8 Hz

~850-10° ppp

N. Colonna
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Backup. Tomography for homogeneity check o

« Tomography of the samples > MME Group (CERN)

* Very helpful for determining the density and
thickness of the samples

e With the thinnest sample (°°Cr thin, ~240 mg)
serious imperfections were observed - we were
able to redo this sample

* With simulations we will estimate self-shielding
and multiple scattering effects and the cross
section uncertainty
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Backup. Samples and detector set-up (EAR1) o

e 12 weeks of experiment (Summer 22)
e Stay funded by the H2020-ARIEL project 1
e 42 days of beam: 11/07 - 22/08

Complementary measurements

natCr Resonance identification

4,6 1018 protons in total 197y Normalization /
50 — o)
Sl 2 (LU Empty Background
s0Cr — thick 14,7 8 (184%)
D
53Cr — thin 6,8 5 (136%) ‘z:;r)“y Background
53Cr — thick 6,9 17 (40%) 50,53Cr &
. — 206Bj and 2’Al filters

Back. & norm. 13,0 5 (260%) y Background

with filters
Total 45,9 40 (115%) _ —
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Backup. Samples and detector set-up (EAR1) o
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Backup. Planning S

1st week Mon Tue Wed Thu Fri Sat Sun
11 12 13 14 15 16 17
50-53Cr(n, Sample
g) @EAR1 Planned Protans 500E+16 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17
Real protons - 1.08E+17 - 1.26E+17 1.10E+17 1.49E+17 9.98E+16
Others
2st week Mon Tue Wed Thu Fri Sat Sun
18 19 20 21 2 Px] 2 .
50-53Cr(n, Sample 4th week |mon Tue Wed Thu Fri Sat Sun
g) @EART|  pianned Protons 100E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1 2 3 4 ) b !
Real protons 1 26E+17 1 02E+17 1.05E+17 _ 1 08E+17 Sample
Make Cr53thick  Tomography snned Protons 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17
Others :al protons 144E+17 9 08E+16 9 79E+16 118E+17 1.25E+17 1.30E+17
Others
3d week Mon Tue Wed Thu Fri Sat Sun
25 26 27 28 29 30 31 Make Cr-50 thick
) B . T T e St ek e -
d) @EART | pianned Protons 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 P 9 m " 12 5 m
Real protons 1.05E+17 1.15E+17 122E+17 1.00E+17 1.24E+17 1A7E+17 Sample
Othere Make Cr-50 thin 1nned Protons 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17
Tomography 2al protons 9 90E+16 1.15E+17 1.08E+17 112E+17 1.26E+17 1.28E+17
Others
6th week |Mon Tue Wed Thu Fri Sat Sun N
15 16 17 18 19 20 21
50-53Cr(n, | sample || Cobtiek | Cronat TGt ey | Dummy (B [cesd iick iF) | Cosbmiek B |
d) @EART | pjanned Protons 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17 1.00E+17
Real protons 1.36E+17 1.01E+17 120E+17 1.03E+17 1.04E+17 1.35E+17 110E+17 I
Nthers
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Backup. Final number of protons e

J K L " N o P
Mass (mg) Sample Planned Measured Progress (%) ﬁ?ﬁcﬂ“{ﬂ}z} m:;d
2500 53Cr thick (2) 7.50E+17 6.94E+17 93 80%
500 53Cr thin 6.00E+17  B.TGE+17
750 50Cr thick 1.30E+18  1.37E+18
250 50Cr thin 5.00E+17  5.49E+17
2500 natCr 2.00E+17 2.02E+17
197Au 1.00E+17 9.71E+16
Dummy 1 3.00E+17 3.05E+17
Dummy 2 1.00E+17  1.19E+17
Empty 1.00E+17 1.47E+17
2TAl 5.00E+16 7.58E+16
Dummy 1 (F) 1.00E+17  1.20E+17 FILTERS:
53Cr thick (2)(F) 1.00E+17  9.93E+16 10mm Bi
50Cr thick (F) 1.00E+17  1.28E+17 50mm Al
197Au 80mm
Total 4.30E+18 4.58E+18
Total x day 1.09E+17
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Backup. Calibrations e

c6D6_1 C6D6_2
87 -

3 7 %4'25 //

=N = 4 -

= 6: o — =

3 5: / 33'55 /’

— = b 3:

(<) = / o B ,/

& 4f - —11/07 & 2'5§ prd —11/07

e - / T 2

o 3E - — 2007 8.2 o — 20/07

= = / — 27/07 = ‘|_5E / —27/07

o 2r S —03/08 Q 1= —03/08

s 1E -~ 10/08 _ s 0.5 = -~ 10/08 ._

S e e g S e g
0 50 100 150 200 250 0 50 100 150 200 250

Signal area Signal area

C6D6_3 C6D6_4

—— 5_ 5 ! 5_

> C = > C

4] C [4b) L

= 4f / = 4-

= = =

g 3" / 5 3

) C / — 11/07 CICJ = / —11/07

B 2F > —20/07 B 2- o —20/07

= - — 27/07 = _

'g - —03/08 g Z / :gg:

3 1: 10/08 & 1: 10/08

(- 0:' o o o o . I—|22{08‘ : .><103 (- 0:' T o o o | ._.22:‘08| . .><103
0 50 100 150 200 250 0 50 100 150 200 250

Signal area Signal area
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Backup. Weighted 1°7Au resonance e

240r ﬂﬁﬁ@ﬁﬂﬁ

220}
200}
180}
160}
140!
120}
100}

T 11
LTy

%
5
E
; 1
F 1
il

N e e e Y O B B
T

Weighted counts/bin/7-10'? protons
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Backup. °°Cr cascades (S.=9,3 MeV

Counts/bin/7-10" protons
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Backup. >3Cr cascades (S.=9,7 MeV ATOF
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Backup. Preliminary results (°°Cr-thick) o

First °°Cr p-wave

Contaminations 52Cr/ irst 50Cr s-wave
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Backup. Preliminary results (>3Cr-thin) o

g .
. First >3Cr s-wave
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Backup. Preliminary results (°3Cr: thin vs. thick) o
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Backup. Preliminary results (33Cr: thin vs. thick) o
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: : o

Backup. Filters | *
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Backup. Cascades at EAR2 o

Goal - measure the cascades with high resolution
to validate future simulations

* 3sTED’s & 2 C6D6’s for monitoring, 1 LaCl; for the
cascades

* Gain shift depending on counting rate
(malfunctioning PMT?) = thin samples, low voltage
and not too close to the beam
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Backup. *9Cr(n,y) cascades at EAR2 (preliminary) |+
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Backup. »3Cr(n,y) cascades at EAR2 (pre\iminary)Jnm\F
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Backup. °>*Cr gamma emission s
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Backup. °*Cr gamma emission
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Backup. %°Cr MACS at HiSPANoS@CNA e

 Time-of-flight measurement - n_TOF@CERN (Geneva, Switzerland) with very thin
samples to minimize multiple-scattering effects

» 0Cr activation measurement - HiSPANoS@CNA (Seville, Spain). MACS at 30 and 90 keV

Nucleus | T,,, (days) | E, (keV) | 1, (%)

21Cr 27,7 320,1 9,9
198AY 2,69 411,8 95,5
7 1.2
5 — KT = 90 keV
o 1
s —— kT =30 keV
(]
Sloy e‘a é 0.8
24 7 - A 3
1/2- 9.9 >7.704 d 3 ol o < o6 71 7R
Q* 752.45 keV 21 & o |(p,n) e
o o & 0.4
EC : 100.0 % 0--> >V &> N
23 28 & o
o > 0.2
s Log ft # Jp En [keV] A& ng’
9.930 5.8631 1 5/2- 320.0835 &?. v 0,

0 100 200 300 400 500 600
Neutron energy (keV)
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Pablo Pérez Maroto || n_TOF Collaboration Meeting || 22/11/2023



Backup. Averaged cross section equations o
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