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Why °9>3Cr neutron capture? 2026 24
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tA. Trkov, “On the Benchmarking of New Evaluated Nuclear Data Libraries”, INDC (NDS)-0751 (2018)
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Why °923Cr neutron capture? h026 2

NEA Nuclear Data High Priority Request List, HPRL .
High Priority Requests Sz el PR s (R EG-HPRL o Stalnless StEEI 9 StrUCtu ral

HPRL Main General Requests (GR) New Request

(LIER) Standard Dosimetry (=) . .
material in nuclear reactors.
RequestID 98 Type of the request High Priority request . o .
Target ion and p ident Energy dary energy or angle Target uncertainty Covariance L CO nta I n S 1 1-2 6 /0 Of C h rO m I u m .
24-CR53  (ng) SIG 1 keV-100 keV 810 ¥
Field Subfield Created date  Accepted date Ongoing action Archived Date
Fission 20-JAN-18 05-FEB-18 Y

B4 Send a comment on this request to NEA.

* Criticality benchmarks sensitive
Emat rorecoprenypcaos to chromium - dominated by

Project (context):

- 50 53C N
Neutron absorption in the Cr isotopes of structural materials affects the eriticality of fast reactor assemblies [Koscheev2017]. These cross sections are also of interest for stellar 4 r ( v )

nucleosynthesis [Kadonis10].

Accuracy:

8-10% in average cross-sections and calculated MACS at 10, 30, 100 keV.

~209% di ies in 2°C d
Selected criticality benchmarks with large amounts of Cr (e.g., PU-METINTER-002, and HEU-COMP-INTER-005/4=KBR-15/Cr) show large criticality changes of the order of 1000 pcm o 3 O A) d I S C re p a n C I e S I n r a n

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-VIL.1, ENDF/B-VIIL.0 and JEFF-

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 53 . 0

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 inconsistent C r C rO S S S e Ct I O n S % 1 /0 C h a n g e
with the observed 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 S5.

: T
Justification document: I n keff .

Criticality benchmarks can test different components of stainless steel (SS), including Cr which is a large component of some S5. Currently, a large part of the uncertainty in SS capture \I/

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-MET-INTER-002=ZPR-6/10).
L] L] L L
NEA High Priority Request List (HPRL):
>0,33C ithin 8-10% f 1 to 100 keV
33Cr o(n,y) within 8-10% from 1 to e

tA. Trkov, “On the Benchmarking of New Evaluated Nuclear Data Libraries”, INDC (NDS)-0751 (2018)
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Previous measurements and evaluations 2026 #A

Several measurements have been performed during the 70s and 80s, and a more recent one
in ORELA by Guber et al. (2011) *.

e Stieglitz Beer Kenny Brusegan Guber
(1971) | (1975) (1977) (1986) | (2011) | « Goal: as many resonances as
Facility RPI FZK ORELA GELINA | ORELA possible, even at high energies.
Detector Scin.tank | Scin.tank C.F C.D C.D .
L S =—=— ¢ Very thick samples were used
Thickness >°Cr 8 18 5/8 . ) Ny t Itivl
(10° at/barns) arge. neutron multiple-
Thickness S3Cr ) ) /12 12760 ) scattering effects.
(103 at/barns)

Guber improves the neutron sensitivity = Issues with sample characterization.

tK. H. Guber et al., “Neutron cross-section measurements on structural materials at ORELA”, J. Korean Phys. 59, n° 2(3) (2011)
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Previous measurements and evaluations 2026 #A

Evaluated data
JEFF-3.3, ENDF/B-VIII.0 & JENDL-5 - Same XS, mainly based on Guber et al (2011).
CENDL-3.2 - Uses data from the 70’s and 80’s.

INDEN - Careful re-evaluation of multiple-scattering effects at Guber et al. data.
ENDF/B-VIII.1, JEFF-4.0 = Has adopted INDEN.
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]. °OCr activation measurement
at HISPANoS@CNA
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The HiSPANoS facility at CNA 2026 4

H:SP/" NoS

HiSPANOS is the neutron facility of CNA ™,

 Thermal (eV) - moderation

e Epithermal (keV) = Li(p,n)

* Fast (MeV) = %H(d,n) and Be/Li(p/d,n)
= Continuous: activations/irradiations

= Pulsed: ToF measurements

tM. Macias et al., “The first neutron time-of-flight line in Spain: ...”, Rad. Phys. and Chem. 168 (2020)
M. A. Millan-Callado et al., “Continuous and pulsed fast neutron beams at the CNA HiSPANoS facility”, Rad. Phys. and Chem. 217 (2024)
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Experimental set-up. Activation sample 2026 %1
' |

* 94.6(4)% enriched *°Cr,0; Measured relative to

e 723(3) mg of material two P7Au foils

(standard cross section)

* Inside a PEEK capsule

pr i Target holder
PEEK capsule

12 mm collimator
EOCr
v

Proton beam

ﬁ—

O 197Au foils

~23 mm Li target
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Neutron activation analysis 2026 #4
L N R At .
ooh —Cr decay | N _ AEOI B C - ettwait. fiTT
Z.Cj zi — Fit i act A Iy . g R (1 — e_Atmeas)
15,
s
51
O
0.5t ]
05‘ e Nact(106) >0Cr (%) 197Aufront(%) 197Auback(%’)
280 300 Eﬁigv) 340 360 50Cy 79(3) Iy 0.1 0.6
o b = audemy | 197 Al | 434(11) : 3.3 1.8
%6 197Au, .. | 425(10) C 1.3 1.7 1.5
N ettw | 0.01 0.08 0.07
g Efficiency is the main e~Atm | 0.01 0.01
i ‘ i : source of uncertainty firr 0.2 0.2
O’\ TN T N R T T SN Y AT Y SN N SO Y SN AN N
Y T Overall | 3.6 2.6 2.4
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MACS,,(>°Cr) determination 2026 %1
f o, (E,)P(E,)dE, If @ is a Maxwellian distribution | _“
(o) = yf ®(E,) dE, —  ata temperature of kT (keV) MACSkr VT (O)rer
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MACS,,(>°Cr) determination 2026 #4

B ny(En)(D(En)dEn If @ is a Maxwellian distribution + IMACS,, = i<0->kT

(0) = f ®(E,) dE,, —  ata temperature of kT (keV) T
MACS,,(°°Cr) relative to MACS,,(1°’Au): T
] —o_ (Cr)
<0->sim,Cr Nact,cr MatAu 5 ; —@_ ("Au,_ )
= fq) S 0.8 :‘:'-4.‘ sim 197 front/| |
<0)sim,Au Natcr Nact Au @ N“{% — Dy (T Alpae)
0 S odl s by ~ KT=25keV |
SimLiT + GEANT4 2 Uy — kT =30keV
B 0.4 ' ;:IIiI:’Fiiﬁ -
5 _g) 1"-;1'1-.. B
5 o i, .
MACSBO( Ocr) — ﬁ fS—>M(o.)sim,50Cr é) 0.2 Ty —
% 60 80 100 120 140

Neutron energy (keV)
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MACS,,(°°Cr). Comparison with previous data 202 #x

* First °°Cr neutron activation measurement.
 Agreement with CENDL-3.2 and JEFF-3.3 (and therefore, ENDF/B-VIII.0 and JENDL-5).
e 20% lower than INDEN. _CENDL-3.2 JEFF-3.3  INDEN

MACS3O(SOCF) 197Aufront 197Auback
JEFF-3.3 37.9mb | 38.5mb
INDEN 35.7mb | 36.4 mb

Pérez-Maroto (2025) @

MACS., (5°Cr) = 37.1(20) mb| - <6% unc.

RN T N SN NI N I TS S N VI A [ I R
32 34 36 38 40 42 44 46 48
Cr MACS,, (mb)

P. Pérez-Maroto et al., “Neutron activation as benchmark for cross section evaluations: Demonstration through
the MACS of 39Cr for nuclear technology applications”, Physics Letters B, 2025, vol. 862, p. 139360
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1. 2923Cr time-of-flight measurement
at EAR1-n TOF@CERN
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The neutron Time-Of-Flight facility at CERN 2026 %4

----------------------------
Neutrino |
Platform

A 2010 (27 km)

ALICE 120 :______________-__---------.E

TI2

HiRadMat

20t I N

L MEDICIS

AD ELENA 2010
ISOLDE
BOOSTER 4t~ B oo
AL . East Area |
: ISOLDE~ | ;

n_TOF@CERN

In operation since 2001
2026: ~150 researchers
from 42 institutes

2005 (78 m)
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The neutron Time-Of-Flight facility at CERN 2026 4

T Flux
J E, resolution

Access

EAR-1 /455 3
|

— s

185 m
J Flux

E, resolution
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g .,-ii?_- N - taraet - g P
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https://ntof-exp.web.cern.ch
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The neutron Time-Of-Flight facility at CERN 2026 4
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Experimental set-up. C6D6 TED detectors 2026 #:

* 4C,/D, TED detectors™ at 8 cm and 125°
from the sample.

 Developed specifically for n_TOF.
 Made of carbon fiber.
* Main advantages:

= Very low neutron sensitivity

= Very fast response and time resolution
 TED - Pulse Height Weighting Technique.

tR. Plag et al.,““4n optimized C,D 4 detector for studies of resonance-dominated (n,y) cross-sections”, Nucl. Inst. & Meth. in Phys. Res. A 496 (2003)
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Experimental set-up. Samples 2026 %4
* The strategy is to use two samples for each isotope. R | | | (2 ‘

* 94.6(4)% of °°Cr and 97.7(2)% of >3Cr.

Stieglitz | Beer | Kenny | Brusegan | Guber | This work

Experiment | 1974) | (1975) | (1977) | (1986) | (2011) | (2024)

Thickness >°Cr

(103 at/barns) 8 18 >/8 7 - 0.6/1.9 == x0.1
Thickness >3Cr
(103 at/barns) 14 14 8/12 12/60 14 1.2/5.9 = x0.1

* Thin samples (1-10 keV) - MS effects under control
* Thick samples (10-100 keV) - Better statistics

Thinnest samples ever measured

42 days long campaign

Plus ancillary samples...  =——p 750-103 protons pulses

Pablo Pérez Maroto | | WONDER 2026 || 30/06/2026 20
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Capture yield determination 2026 +:

Cw(En) — By (Ep)
Fpir * &c + ®(Ep)

Y(Ep) = Forr
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I —— Sample-independent || e

—— Sample-related 2026 %j[ '
1072 E —— Total background ]
\MJM}WLM f

Capture yield determination

Total
weighted counts

- —— "Cr-thick [

-3 L ) I
10 —— Sample-independent
—— Sample-related

—— Total background

-
o

Counts/bin/7-10'? protons

Threshold

correction factor \ o -
\ Neutron energy (eV)

107"

Counts/bin/7-10'? protons

Counts/bin/7-10'2 protons

e T . " I R TR

G BB EIN .
Ethr =150 keV Y(En) — | COTT|% Neutron anergy (eV)

R 023 Eclt ICD(En)' Background

j \ weighted counts

1 1 1 1 i 1 1
0 1 2 3 4 5 6
Deposited energy (MeV)

~

B e 197 - N
1BIF = 1.0033) = 5 e ol i Evaluated
- —— "'Au (@ =80 mm) || Eff- . PHWT
0.8 — SAMMY fit i ICIENCY ( ) ﬂ
o OF ] . neutron Tlux _
[0} - e [ 1) = e o e e e B B @ T
'q'>; 0‘6‘_BIF=0.645(9) N 5105:
5 [ ] B o
Q = € I :‘2
S 04 4 g 10§ 10°
- © )
0.2 = g 108 g 7
" | § 10“5 5103:— E
0 raa s B S [RTRR R MU SINN b i“ } W . | Lo v v vl vl ol il vl il el 4
3.5 4 45 5 5.5 6 6.5 1oel ML LAV \,"1 T 102107 1 10 102 10° 10* 10° 10° 107 10® 10°
Neutron energy (eV) 0 6

. Neutron energy (eV)
Deposited energy (MeV)
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Capture yield systematic uncertainties 2026 #4
| o AR AR AR AR EAARE RARRE AAREE RARRR AR 81"'\""I""""I"“I""I""I""I""I"':

- 50 . ] - 53C ] Syst. Unc. (%)
7E Cr . " E . = Contribution -
_ - 1 F : E >0Cr >3Cr

& 6 . ERRA S E
g 5o 1 €5t : Sample thickness 0.4 0.2
%4— A 13 % E Monitor norm. 2.5 2.5
- . = 3 =
i 1 5 . E Neutron flux shape 2 2
2__.‘..I....I....I....I....I"..I....IH..I....I...._ NP PR PP TIPS IPPIETE APPSR IPERIT IPSPIT AP I
o Isﬂoeutjc?n ei%rgso(ke(l()) %0 %0 100 o1 ?r)\loeutfgn eioergsczke(l()) %0 90100 Saturated res. norm. 1.5 1.5
Sample alignment 2 2
PHWT implementation 1.7 1.7
* A new methodology to apply the PHWT dp -
. . Cr cascades 1 1
was implemented, which adds a source of thr
. . RWF ) statistics 23-77| 21-7.8
uncertamty associated to the resonance ,
Overall (1-10 keV)
total counts.
Overall (10-100 keV)

* Inoverall, the uncertainty remains below
9%, thus fulfilling the NEA requirements.

Pablo Pérez Maroto || WONDER 2026 || 30/06/2026 23




WONDER

Resonance analysis with SAMMY (°°Cr) 2026 #3

* Mainresonance - in agreement with JEFF-3.3 (even K, also similar to CENDL-3.2).

 QOverestimation by INDEN.
Multiple-scattering
* Previous energy shifted: from E,, = 5.621 keV to E,, = 5.581(6) keV - effects

-3
1_2§1I0II|IIII|IIII|IIII|III|IIII|IIIIé(I)III|I|.|_
—e— This work Cr‘th|n —
-| — SAMMY fit
— JEFF-3.3
— CENDL-3.2
08 —— INDEN

52Cr

Capture yield
o
o

o
~

{ 2 3 4 5 6 7 8 9 10
Neutron energy (keV)
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Resonance analysis with SAMMY (°°Cr) 2026 #13

* ForE,, > 10 keV, INDEN adopts the same parameters than JEFF-3.3
e 33 resonances described.

3 of them removed from JEFF-3.2, but visible in our data (for example at 64 keV).

-3 . _
xl1 Ol T I T T T T T T T T T T ! T T T T l X1 O 3 x1 O 3 I
™~ L T T T | T T T I T T T I T T B T T T T T T
L | —e— This work 2.5 This work - | | —— This work
1 '5__ s SAMMYfit o O | —— SAMMY fit . 0.4 — sammy it
| =SEGRES ol | — JEFF-33 - [ | — JEFF-3.3
E - [—— CENDL-3.2 o C | — CENDL-3.2 o 0 3__ —— CENDL-3.2
Qo ° [ o
2 - =1 =15 =
@ T o L o
2 [ S f =02
L Q o
Sosl 18k S
B C 0.1
- 0.5

0 L L ] .‘ ! Iﬁ_, | § ‘ - L —A L 1 2 0_ ) . . | | . | | | L ! h 1 ] 1
24 242 244 246 248 25 35.2 35.4 35.6 35.8
Neutron energy (keV) Neutron energy (keV) Neutron energy (keV)
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Resonance analysis with SAMMY (>3Cr) 2026 #13

 The MS effects are very large - ~7mm thickness.

 SAMMY fails to accurate evaluate the very strong MS effects.

><1IOI_I:3| T T T T T 17T T T T T 171 T 171 ||||||||||I||| X10_3
| | 6_I_IIII| ||||||||I||| T T T T |||||||||||III|IIII_
|| ~*— This work 53C . | B . 7
r-thin C | —=— This work 53 . ]
1.5__—SAMMYfit ] 5F | — sog i e Cr-thick E
s | 1S 4 -
() [4h) B _
5 [ . ‘ 1 5 3 -
g - |
O B 7] O 2_— . —
0.5 7 - .
- A 1 1ot =
O_ |||||||||I|II|IIII|IIII 1 1 1 11 1 L1 11 [ 1 I_ 0: | | | |||||| | | | | :
1 2 3 4 5 10 1 2 3 4 5 6 7 8 9 10

Neutron energy (keV) Neutron energy (keV)
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Resonance analysis with SAMMY (>3Cr) 2026 %M

 The MS effects are very large - ~7mm thickness.
 SAMMY fails to accurate evaluate the very strong MS effects.
e Qur data is much closer to CENDL-3.2 (still with differences).

XI‘IIOI_I3|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIII

—— This work
= SAMMY fit
= JEFF-3.3
—— CENDL-3.2
= INDEN

&)

e

Capture yield

o
a

i 2 3 4 5 6 7 8 9 10
Neutron energy (keV)
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Resonance analysis with SAMMY (>°Cr) 2026 #3

Capture yield

= NN W s~ OO O N

WONDER

More differences between evaluations than in >°Cr.
A total of 51 resonances have been described.
Some of them (included in JEFF-3.3 and INDEN) are not visible in our data.
In general, INDEN seems to overestimate the capture cross section.
x1073 x107° x107°
LA AL T Tt L 14FT T T T T T T T T T T T L LA B RN L B
—— This work _: C— This work ] 1 —— This work —
— f;:'FMY fit 121 | — sammy i = - - SAMMY it
— 3.3 - - — JEFF-3.3
— CENDL3.2 _E ° 1 :éEEZFDi; .00'8-_ —CEND?_-S..? N
—— INDEN —; ,0_;08:_ F;J, B
4 o o 0-6F
_§ ‘%06: §04_
1 So4f S f
1 oz 2
ru i 7Y T LTI .—_ O ::HE” ] ik II
14.4 14.5 14.6 14.7 14.8 . 62 63 64 65 66 67
Neutron energy (keV) Neutron energy (keV) Neutron energy (keV)
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°023Cr(n,y) at EAR1 results 2026 3

MACS,, extracted from n_TOF (E, <100 keV) + evaluations above 100 keV.

CENDL-3.2  JEFF-3.3 INDEN JEFF-3.3  CENDL-3.2 INDEN
This work (n_TOF) 9
— —| This work (n_TOF) —@-
This work (HiSPANoS) @
32 34 36 88 40 42 a4 46 48 20 25 30 35 40 45 50 55 60 65
*Cr MACS,, (mb) *Cr MACS,, (mb)

e Results for °°Cr and >3Cr are 20% and 70% lower than INDEN, respectively.
* °9Cr - MACS,, from HiSPANoS and n_TOF are compatible within uncertainty.

P. Pérez-Maroto et al., “New measurement >°Cr and >3Cr (n,y) cross sections at n_TOF: a call for chromium nuclear
data revision ”, The European Physical Journal A, 2026, vol. 62(1), p. 5
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V. Summary & Conclusions
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Summary & Conclusions 2026 #3

* A clear goal: improving the °%°3Cr(n,y) cross section to 8-10% accuracy at 1-100 keV.

* Two experiments: « Uncertainties within the objective.

= °0Cr activation at HISPANOS@CNA. £ « Both cross sections clearly lower than INDEN.

= 50.53Cr ToF at n_ TOF@CERN. * Both experiments are compatible.
CENDL-3.2 JEFF-3.3 INDEN JEFF-3.3 CENDL-3.2 INDEN
This work (n_TOF) 9
— — This work (n_TOF) —4—
This work (HiSPANoS) o
32 34 36 38 40 42 44 46 48 20 25 30 35 40 45 50 55 60 65
*Cr MACS,, (mb) *Cr MACS,, (mb)
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Thank you for your attention

Pablo Pérez Maroto - pperezma@cern.ch
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Backup. Why the discrepancies? 2026 %4

* The main problem for measuring Cr(n,y) is the
large neutron multiple-scattering effects 107 |-

— 102

* |n the previous measurements thick samples
were used, aiming for good statistics in a very
wide energy range

Cross Section (harns)

10-2 - 10-2

" w 1) JEFF-3.3: CR-50(N,TOT)
m 2) JEFF-3.3: CR-50(N,G)CR-51

\ ¥

;V/\ " m 3) JEFF-3.3: CR-53(N,TOT) v
4) JEFF-3.3: CR-53(N,G)CR-54
| y 5x10-9 103 5x10-3 10-2 5x10-2 101 0.5
) YO — (1 _ eno-t) A Incident Energy (MeU)
Ot

el)
(n,el) Capture yleld - Y = YO + Yl + YZ + Y3
\} (captures/neutron) \_'Lu%

Analytical Numerical

(accurate)  (aproximate)
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Backup. MB spectrum: ToF characterization 2026 #1
A 30 keV quasi-Maxwellian spectrum can be produced by ’Li(p,n) with E =1912 keV".

3 , Li-glass detectors - based
Slge=a= b el TR on the °Li(n,a)?H reaction
¥ Neutrons | Pl & %

—

=Wl (1-120 keV)
=&

T

Protons e e P |
(1912 keV) B,
#

Li target /////

neutrons

)

>

Lo b v e b by by |
-200 -100 0 100 200 300
Time of flight (ns)

TW. Ratynski & F. Képpeler, “Neutron capture cross section of "7 Au: A standard for stellar nucleosynthesis”, Physical Review C 37(2) (1988)
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Backup. MB spectrum: ToF characterization 2026 %1

The neutron field was characterized by time-of-flight + simulations.

= —7T1 r ~ 1 r r 1 1 ' 1 T T ' T4
005" — HiSPANoS ] Li-glass detectors - based
0o~ — SimLit+ G4 (E) | . .
2k — St o4 (ToF] ] on the ©Li(n,a)3H reaction
S 0.04 —
8_ | _
=> — 7
2 0.03 =4 g =
B ~ . n
S - 1 < neutrons
5 0028 E,=1912 keV E
Z [ ]
0.01 o = 3.5 keV —
=0 a0 60 80 100 120 500 1000100 200 300
Neutron energy (keV) Time of flight (ns)

* SimLiT - Neutron production The neutron field was characterized
 GEANT4 - Neutron transport by time-of-flight + simulations.
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Backup. Neutron activation analysis 2026 +4

5.5;—
< s
3 ———————| Counts - Gaussian + o“j—
r —7°crd 1 . . E
25 o T linear fit o 47h
% 2r % 50004000 éolo?rr'a fgggn"jggc{g; 12000 14000 16000
1.5, T .
2 ! Decay during irradiation
3 TN
O 1, 1,At | current measurement
N, 2 Aeor e fin T
T S H N S SR SR act — B R 174  —2F N
0"""280 300 320 340 360 A IIyI g '-l_(l — € AtmeaS)l
e il Decay during transport
3 [ decay || / and measurement
~ — Fit . -
6 Efficiency R - -
S5 A1 saturation decay counting
ek 0-8:' T T T T T E
24 0.7 E
53: £ 06F =
82E E osf- E :
T EE E 270 min/
1 [ s TE E .
E S 03f = 24min 20min
0 380 400 420 440 460 T 02f E 4.7 h ST
o OCE E 300min
E, (keV) 0.1 = . < > >
0= 300200 600 800 1000 = 1200 1400 . t t !
E, (keV) irr wait meas
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Backup. Ancillary samples 2026 %4

Some ancillary measurements were performed during the experimental campaign

* Dummy (empty PEEK capsule)

 Empty (empty aluminum ring) — Background
1 mm "C (neutron-scattering)

e 100 um *°’Au (two diameters) - Normalization

Sample | Diameter (mm) (10'2;tt/b)
Dummy (2) 22 -
17Au 20 0.583
17Au 80 0.644 i
nat 20 8.702 :
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Backup. Background determination 2026 +4

The background affecting the measurement can be divided in:

 Sample independent - Neutron-scattering and capture outside the sample: Dummy & Empty

e Sample related — Neutron-scattering inside the sample: "3C o n
F = el,Cr\ "tat,Cr
=
Oel,c | Natc
r ' L 1072 E T | =
) 50Cr 0 - Sample F,
o _
Sqg2l | S i 50Cr-thin | 0.25
o C ] =
ey 1 e 50Cr-thick | 0.72
) " *MI n tC: 3 Hlﬁlﬂ S U n sl — il ”N” il HH ﬂ i ] .
IZ il ﬂ ] i §10 1 M ﬂ M i ”l ”N rﬁ\ [ uﬂhw .H“ I | h m = 53Cr_th|n 059
£ i " "WM JM MJ | 2 F[— oummy ik e M i |1‘”N M i 53 :
ﬁ L J il Wn}l\ M’l I 3 | — Dummy N F N [' Cr-thick 2.91
= —Cr-thin W‘ O M| —"c
3 — %G1 thick m = e ]
O10°H— pummy il 10° 10° 10* 10°
i_Emp,ty o | ] | Neutron energy (eV)
10° 10* 10°

k
Neutron energy (eV) B(E,) =ay + z bi(l — e‘CiEn)e—diEn
=1
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Backup Background determ

Counts/bin/7-10'2 protons

Counts/bin/7-10" protons

—y
<
no

—y
S
w

—
9
—_ B

—y
<
no

—y
S
()

—t

5°Cr thm

—"I|

I 50Cr lhln I
Sample-| |ndependent
Sample-related
Total background

I 50C)r thlck I
—— Sample- |ndependent I
Sample-related
—— Total background

5°Cr thICk

natlon

o
w

—
o
[42]

4

Neutron energy (eV)

Scrhin |

II_‘T

— E“‘Crl—thinl —
Sample-independent
Sample-related

Total background

o
w

10*

Neutron energy (eV)

10°

1072

Counts/bin/7-10'? protons

—
o
w

1072

Counts/bin/7-10"2 protons

1

4

—
o
Gyl

Neutron energy (eV)

S3Cr-thick

T T T T T 1T
— *Cr-thick \
Sample-independent |
—— Sample-related
Total background

03

10*

Neutron energy (eV)
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Some background is still
visible below the main
resonance in the thick
samples - Region not
used.

The residual background is
included in the yield
analysis.
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Backup. Capture yield normalization: SRM 2026 %3

The final step to obtain the capture yield is the normalization factor F;; = °’Au sample

_ ay Nat0r > 1 .
Y(E,) = (1 —eM%t)— - Y(E,) =1 =—p Saturated Resonance Method (SRM)
O¢ Ot = Oy
5 4f LTI 5 PP
T 20mm TR L Tz | L o o o e |t
R 54 - - -- Expected yield |4 - - - Expected yield |—
5 ¥ 80 B — SAMMY fit i — SAMMY fit i
' 0.8 — ' —
‘° oo06- T == ]
mm L 5 ]
% - —
44 -3 -2 \ 2 3 4 0 O O.4j i
' X, cm i i
. 0.2 _]
e 100 um thick *’Au sample > g - ]
the 4.9 eV resonance saturates. 0555 4 45 5 55 6 65 0 35 4 45 5 55 6 65

Neutron energy (eV) Neutron energy (eV)

80 mm sample to validate the analysis
methodology.

tR. L. Macklin, “Absolute neutron capture yield normalization”, Nuclear Instruments and Methods 164(1) (1979)
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Backup. Capture vield analysis 2026 %4

The WF enhance the natural statistical fluctuations - Limited statistics bin-by-bin.

L e L IR L R RN — T T 1 ' T T T T T T ] ]
- | — Weighted ] - |
. - . 10 =
S 0.03 — Unweighted I - -
s L i [%) B i
o 0027 .. N 1 e - =
-_g 0 01; | I ] "g E — E,=4.14 keV, s-wave, spin = 1 E
E R N " H || i ! H ] 8 | —— E,=6.78keV, s-wave, spin =1 7
% ||||| "N““” I u “ “II. I ﬂu w l W |L " i "" |‘| " l" m IH @) 1 0—4 — —_— gn l: 8.19 keV, s-wave, spin = 2 —
i i Wi = | =— Only p-waves 3
© 0 "I H N “" M | I“ I E —— NuDEX therm. 3

I [ ! ! | ! ! ! | | ! -I 0—5 | I I I | I I 1 | 1 1 L | L L 1

75\ 76 77 /8 79 0 2 4 6 8 10
Neutron energy (keV) \ Deposited energy (MeV)
15 counts ~ 16 counts

~ 18 counts
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Backup. Capture yield analysis 2026 .4

The WF enhance the natural statistical fluctuations - Limited statistics bin-by-bin.

 Weighted  Solution: Average Weighting Factor (AWF).

— Unweighted

o
o
@

©
: N
IR R

 Used at n_TOF to extend the energy range.
= J=0" } Same de-excitation pattern

for every resonance

= Heavy nuclei

0.01

Counts/bin/7-10'? protons

==

o

'w " “ ‘m N“'N " i "Mul I W

75\ 76 77

78
Neutron energy (keV)
~261 counts

~ 197 counts

\:

~ 197 counts
weighted

A g

WE.s = o - (WFres>

unweighted
T
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Backup. Capture yield analysis 2026 %3

The WF enhance the natural statistical fluctuations - Limited statistics bin-by-bin.

e
— Weighted

4 | - * Solution: Average Weighting Factor (AWF).

2 0.03 — Unwei -

g Hnweightec | * Used at n_TOF to extend the energy range.
5002 || IHN = = J=0" Same de-excitation pattern
5 ¢ J‘ .ﬂ .. "' | | = Heavy nuclei | | for every resonance

£ 001? i .

% il WW |1 ““u N"i] W il |L. | "" '*'”H H | LRl il * New technique proposed:

© off Al ol ” Resonance Weighting Factor (RWF)

1 | i - | L L ‘ ! ‘
75\ 76 77 78 79
Neutron energy (keV)\ \

~261 counts ~197 counts ~ 197 counts

Aweighted
WE.es = —— - (WFres>

unweighted
T
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Backup. Capture vield analysis 2026 4

The WF enhance the natural statistical fluctuations - Limited statistics bin-by-bin.

e
— Weighted

il New technique proposed:
Resonance Weighting Factor (RWF)

4 | - * Solution: Average Weighting Factor (AWF).

€ 003 i .

g Hnweightec | * Used at n_TOF to extend the energy range.
5002 || = = J=0" Same de-excitation pattern
% 0o J‘" E = Heavy nuclei | | for every resonance

S

M

75

_—_%'

o

| p
it i el I " ||Ll || |) “"” I ”
RV
76 77 78 79
Neutron energy (keV) Ana|VSiS strategy
* \Very good statistics (6) > PHWT  Thin samples (1-10 keV)

 Good statistics (42) —> RWF  Thick samples (10-100 keV)
e Bad statistics (24) - AWF  Thick samples (10-100 keV)
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Backup. Resonance analysis with SAMMY (°°Cr) 2026

* Main resonance - in agreement with JEFF-3.3 (even K, also similar to CENDL-3.2).

* QOverestimation by INDEN.
* Previous energy shifted: from E,, = 5.621 keV to E,, = 5.581(6) kev.} Multiple-scattering

effects

 Resonance deformed in the thick sample.

4

>0Cr-thick

T LI L LA B .
- [FY 0Cr-thin | 1 . -
@ 107 =
& 1 & 10°F E
c — C - .
@] _ (o) — -
S o : 0 :
€10 E S i .
(&} - o
o < 2 10—4
2 . 2 = =
” 10°® R Q
| [ .

2 0.8F £ 0.8
2> 0.6F 2:8'91
— 0.4F - L.
> 0.2F > 0.2 |
N“—=2 3 4 5 6 7 8 9 “—=2 3 4 5 6 7 8 9
Neutron energy (keV) Neutron energy (keV)
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Backup. Resonance analysis with SAMMY (°3Cr) 2026 %3

 The MS effects are very large - ~7mm thickness.
« SAMMY fails to accurate evaluate the MS effects.

— ‘:_ :' LN DL L L DL LI L L |""|""|"'1_—
- . NG >3Cr-thick -
n 10—3 = — n B _YO -
= = E = =Y,
GCJ N ] GC) 10_3 E 1= Yims =
8 10 = 8 L ]
£V E S e F y
8 — - 8 i 7]
s 10°F S S 10k -
> E > F :
10—6_| L A A ]
~ 1 = JE | E
Z 85 =5
> 0:2E > 0.2 | :
= 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
Neutron energy (keV) Neutron energy (keV)
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Backup.”Y~3Cr(n,y) at EAR1 results

* The radiative kernel K| gives information resonance by resonance.
e 30Cr > 7% lower than JEFF-3.3 and CENDL-3.2, 40% lower than INDEN.

o 3Cr - 35% higher than JEFF-3.3, 10% and 60% lower than CENDL-3.2 and INDEN,
respectively.

2 T T T T ||||| | IIIIIII| IIIII| T IIIIIII| T IIIIIII| T T TTTTIT

i 50Cr —e— This work/JEFF-3.3 i C S3(Cr —e— This work/JEFF-3.3 5

i —®— This work/CENDL-3.2 | 2.5 :_ —®— This work/CENDL-3.2 _:

1.5+ —— This work/INDEN — - —— This work/INDEN ]

o [ | o °F . e
s T ] g [ ]
L?- 1_ L | LP-‘I 5 L ® ® e é PY i ; ]
E SENNNNT YNNI ‘.‘_ﬂl)‘.h x e \. \L\ ’\ \i N =
O ' 5 I I * ‘ ) Q& ) o —
o ™ N [ o v N
B B 1 ........ Anennnnan @-u---9.- #--a oy o g Sl r—
. =L S

—IIII|
[ 3
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Backup. °923Cr (n,y) at EAR1 results

>0Cr MACS | >3Cr MACS
(mb) (mb)
JEFF-3.3 (2017) 38.2 25.9
CENDL-3,2 (2020) 37.7 31.5
INDEN (2023) 45.0 51.7
HiSPAN0S(2025) 37.1(20) -
n_TOF (2025) 35.0(24) 30.9(22)

This work (n_TOF)

This work (HiSPANoS)

This work (n_TOF)

CENDL-3
—

2

WONDER
2026 #4

INDEN
—

JEFF-3.3

32

JEFF-3.3

34

36

CENDL-3.2

| I ST T S B
38 40 42 44 46 48
*Cr MACS,, (mb)

INDEN

20

25

30

PRI B ST AR M
35 40 45 50 55 60 65
*Cr MACS,, (mb)
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