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Why do we need '24Sn(n,y) cross section data? Motivation A

Background assessment of OvBS decay searches

A few groups around the world search

for the OvpB of 124Sn ----> 2Te: Q '24Sn is one of the promising OvBB candidates

India South Korea

5 QO They measure the OvBB decay peak which is at an energy equal to

§ 8 the Q-value of the reaction: 2292.7(4) keV
Lab: Indian Neutrino Observatory (INO) Lab: YangYang Underground Laboratory [ Golden channel: decay rate <-> direct access to neutrino mass &

and TATA institute (Y2L)-2009 CP R | Hi M R h ( t b b d b ” fi

Detector: Sn cryogenic superconducting Detector : tin-loaded liquid scintillator violating Majorana phases {can not be probed by v oscillations
bolometer (TIN.TIN -The India based TIN for an active source-detector technique experimenfs)

detector)

O OvBB is a second order weak interaction process and the event
rates are very low (T, > 107 y)*

O They are extremely sensitive to background signals which can
mimic the signal of interest -> neutron-induced background in the

. *
7 Singh, MK, et al. Indian J Q'VGIUQ I’eglon
3 Phys 94, 12631270 (2020).
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*Dawson, J., et al,, Physical Review C 78.3 (2008): 035503
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Motivation A

Background assessment of OvBB decay experiments

Background: Neutrons

/\.

Cosmic ray-induced neutrons Rocks ("tTh, "atU) -> spontaneous fission neutrons
-> (a,n)-induced neutrons




Background assessment of OvSS decay experiments MO'HVCI'HOI’\ A

ISSUE: vy rays following neutron capture on '**Sn can
mimic the OvBB decay signallll

| Li’rera’rure* SI‘]OWS H‘ICIf, af"rer CICﬁVCIfing a ]Q4Sn 123Te 125Te 126Te
. . >9.2E+16y STABLE STABLE
sample with a neutron thermal flux and measuring 52 | X 7.07% 18.84%

the delayed y following neutron capture and
subsequent B decays with a HPGe detector, a
strong summing peak of 2288.2 keV has been seen*

l 124Sn

QOVBB= 22927 keV 50 — >1f_ls;'i1y
2B

S,(1?5Sn) = 5733.50(20) keV

123Sb
STABLE
42.79%

protons

3 Also, a (worrying) 30% simulation vs. experiment
difference was observed*

v

*Gupta, G, et al, Applied Radiation and Isotopes 158 (2020): 108923 70 neutrons T4



Why do we need '24Sn(n,y) cross section data? Motivation B
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Problem in reactor fuel depletion calculations for 12Sh:

Review
Monte Carlo neutronics benchmarks on nuclear fuel depletion: A review

Sean P. Martinson, Sunil S. Chirayath

Departmens of Nuclear Engineering, Texas At University, 3153 TAMU, College Seation, TX 778433113, United Seotes

ABSTRACT

Monte Carlo (MC) neutronics codes are used widely for academic and industrial needs. Several schemes
of coupling MC neutronics code with isotope generation and depletion code exist, which are used for per-
forming nuclear fuel depletion simulations. These simulations can estimate the inventory of isotopes in
neutron irradiated nuclear reactor fuel. However, the accuracy of these simulations shall be validated
through experiments. MC codes are seldom validated by isotopic benchmarks compared to criticality
benchmarks. This work compiles and analyzes the fuel depletion benchmarks and validations used to
analyze the performance of MC-based fuel depletion neutronics codes. Analyses of these benchmarks
and validations showed that the computed concentrations of >3Cs, 2°Cs, 137Cs, 1*8Nd, 22°Pu, 2*°Puy, and
241py in the irradiated fuel by the depletion codes agreed with the measured values within 10% error.
However, the computed concentrations of '23Sb, 242Cm, #43Cm, #*Cm, 24°Cm, and **Cm had errors more
than 15% compared to the measured values. Ventina depletion code showed the most accurate predic-
tions for the greatest number of isotope concentrations compared to ORIGEN2 and CINDER90.

© 2021 Elsevier Ltd. All rights reserved.



N Motivation B

ORNL/TM-2001/259

Isotopic Analysis of
High-Burnup PWR
Spent Fuel Samples From
the Takahama-3 Reactor

Dare Pablsned fumary 2058
Results Section 3 24 Am 3.310E+01 3.732E+01 3.93E+01 1.13 1.19
22mAam 7.877E—01 8.130E—01 8.14E—0O1 1.03 1.03
Table 12 Comparison of analyses and ions of Takahama-3 SF95-3 2B Am 8.047E+01 9:360E+01 7.98E+01 1.16 0.99
Measured®
—________EMSU———SMS 553 s o o ;“TCm 1.964E+01 1.178E~+01 1.64E+01 0.60 0.83
Nuclide Measured SAS2H HELIOS SAS?2H HELIOS Cm 3.720E-01 3.006E—01 3.02E—01 0.81 0.81
N 1.873E+02  2401E+02  1.92E+02 128 1.02 244Cm 2.562E+01 2.507E+01 2.36E+01 0.98 0.92
*u 1326B404  1299E+04  1.36E404 098 12 25Cm 1.396E+00 8.783E-01 1.30E+00 0.63 0.93
=U ASIEH03  4504B+03  4.95E+03 100 101 246Cm 1.049E—01 9.553E-02 8.97E-02 0.91 0.86
3 9AEUCT 905 9IMEN0S 100 100 1370 1.347E+03 1.338E403 1.31E+03 0.99 0.97
Bipy 1.539E+02  1491E+02  1.53E+02 097 1.00 13e
295, b . ioimis  csmios o8 e Cs 1.404E+02 1.204E+02 1.06E+02 0.86 0.76
20py, 2186E+03  2219B+03  2.21E+03 1.02 1.01 “Eu 2.525E+01 2.476E+01 2.76E+01 0.98 1.09
wipy 1.486E+03  1413E403  1.51E+03 0.95 1.01 44Ce 4.560E+02 4.359E+02 4.22E+02 0.96 0.92
*py 4516E+02  457TIE+02  4.16E+02 101 092 5sb 3.733E+00 7.952E+00 1.01E+01 2.13 2.69
*Am 3310E401  3.732E+01 3.93E+01 113 1.19 1060 1.360E+02 1.713B4+02 1.67E+02 1.26 1.23°
:‘: :-MWMW-O: :m: :;ﬁ: :‘:: :{2 2Na 2.116E+01 1.802E+01 N/A 0.85 N/A
{ % . ; . f E+02 )
Cm 1.964E+01 1.178E+01 1.64E+01 0.60 0.83 12: :.ﬁﬁm :'g;:::gzz g';gm ‘1)'3-: g'z; .
°Cm 3.720E-01 3.006E-01 3.02E-01 0.81 0.81 s - - - - -
Wem 2562E401  2.507E+01  2.36E+01 0.98 092 “Nd 7.392E+02 7.395E+02 7.35E+02 1.00 0.99
»em 1396E+00  8.783E-01  1.30E+00 0.63 093 Nd 7.340E+02 7.418E+02 7.34E+02 101 1.00
%Cm 1.049E-01  9.553E-02  8.97E-02 0.91 0.86 93Nd 3.979E+02 3.946E+02 3.97E+02 0.99 1.00
'cs 1.347E403  1338E+03  131E+03 099 0.97 '*ONd 1.896E+02 1.866E+02 1.87E+02 0.98 0.99
B4cs 1.404E+02 1.204E+02 1.06E+02 0.86 0.76 B
urnup 35.42
(GWAMTU)®

“ At discharge, except for —>Pu which includes contribution from > Np precursor.
# Burnup estimated using '**Nd analysis.



Comparison of Gamma Spectroscopy
Measurements to Simulation

Measured Standard | Simulation
Activity | Deviation | Activity S/E?
(Ci/g DUO,) | (Ci/g DUO,) | (Ci/g DUO,)
#Ce| 9.60E—02 | 2.29E—03 | 8.43E—02 [0.88 = 0.09
134Cs| 2.01E—03 | 5.24E—05 | 2.21E-03 [1.10 £ 0.11
BCs| 1.41E-02 | 2.32E-04 | 1.32E-02 10.94 = 0.10
B4Eu| 1.80E—04 | 1.12E—05 | 2.00E-04 |1.11 +0.13
1258h | 1.16E-03 | 4.63E—05 | 1.75E-03 [1.51 £ 0.16
%57r | 6.53E—-03 | 1.96E-04 | 6.00E—-03 |0.92 = 0.10

‘S/E = simulation/measurement.

Motivation B

NUCLEAR TECHNOLOGY - VOLUME 197 - 1-11 - JANUARY 2017
© American Nuclear Society
DOI: http://dx.dai.org/10.13182/NT16-76

@ANS

Experimental and Computational Forensics Characterization of
Weapons-Grade Plutonium Produced in a Fast Reactor
Neutron Environment

The final step in this part of the investigation was to
compare the quantities of the various fission products
predicted from the MCNPX burnup simulation to those
measured using gamma spectroscopy. Both the simulated
and measured values were normalized to the mass of
DUO, in order to account for differences in the simulated
mass and the mass of the actual sample. These compara-
tive data are shown in Table V. As can be seen in Table V,
the difference between the simulated and measured values
for most of the isotopes is equal to or less than 12%; how-
ever, the activity predicted for '»Sb was over 50% larger
than the measured activity. Upon further investigation, it was
discovered that '>Sb is a particularly troublesome nuclide to
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Motivation B

SCRARETS A
2021. youxian. 0872

R 1000-6931(2022)05-0952-09

« WU Xiaofei, ZHANG Huanyu

mic Energys Beijing 102413, China)

Fission nucleus

(n, 1)
B

Figure: Burnup chain adjacent to 1255b



Present status of '2*Sn(n,y) cross section data

ENDF Request 6629, 2023 -Sep-22,08:25.25 ENDF Request 6629, 2023-Sep-22,08:25:25
EXFOR Request: 11624/1, 2023 Sep-22 2023.09:13 EXFOR Request. 11624/1, 2023 Sep 22 2023.09:13
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HPGe-based measurement
A. Kimura et al, EPJ Web of Conferences 146, 11031 (2017) in ANNRI at MLF/J-PARC (ND2016 proceedings)



ENDF Request 3397, 2023-Nov-09,11:54:40
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Experimental Details and Difficulties

Elastic to capture ratio -> very unfavorablelll

10 1 10°
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Experimental Details and Difficulties

Elastic to capture ratio -> very unfavorablelll

Neutron energy resolution is not paramount -> AVERAGE CROSS SECTION (above 20 keV)

Table: Average distance in-between resonances
against energy resolution at EAR1 versus EAR2

é\ E ‘ : l ™ ; : I E Neutron No. of Avg. distance Energy Energy
ﬂ_:. : : Energy resonances between resolution in resolution in
range (ENDF/B- Capture EAR1 * EAR2 * .
% ‘IOG = VIIL.O) Resonances Goql‘ reSO|Ve
=~ o
% C 50 eV-10 7 1200 eV 10 eV 200 eV resonances up
™ < to 15-20 keV
310° = 10-100 67 1300 eV 300 eV 3000 eV
L E E keV
S E ] —
= 100-200 68 1500 eV 800 eV
8 keV
z 10
200-314 47 2400 eV 1200 eV
keV
suid cZnd g vioid ol o veed il i v "
2 1 3 5 6 7
10 10 110 10° 10 1?:eu}“%n énerg1y (e\)) *Guerrero, C,, et al. The European Physical Journal A 49 (2013): 1-15.
Fig. 15. Comparison between the evaluated neutron flux in *Lerendegui-Marco, J., et al. The European Physical Journal A 52 (2016): 1-10.

EAR2 (blue) and in EARI (red). The increase at the new mea-
suring station is on average a factor 40.



Scaled Cross sections (barns)
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Experimental Details and Difficulties

Enriched sample -> paramount!

Enriched 124Sn

nofs
n
1000 5. Sn-112 x 0.0035343
——5n-114 x 0.000001428
————— Sn-115 x 0.001071
1004 50116 x0.0022848
Sn-117 x 0.0008925
—— Sn-118 x0.0034629
104 000 e Sn-119 x 0.0013566
—— 5n-120 x0.0052122
Tl ——— Sn-122 x0.0031059
1 Tl . — S5n-124 x0.979

1E-3
1E-4
1E-5
1E-6
1E-7
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1128n (x 0.0097)

—— 114Sn (x 0.0066)
—— 1155n (x 0.0034)

116Sn (x 0.1454)
—— 117Sn (x 0.0768)

118Sn (x 0.2422)
— 119Sn (x 0.0850)
——120Sn (x 0.3258)
—— 122Sn (x 0.0463)
a— 1245n (x 0.0579)

0.01
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Scaled cross section associated to the other tin isotopes (scaled by the abundances
of the '*#Sn enriched sample we plan to use)

10" 10 10" 10 10° 10t 10°
Neutron Energy (eV)



Experimental Details and Difficulties

Sample(s) Details

e 3 disks (1 g each)
e 97.9% enrichment

e 10 mm diameter

e 18 mm thickness

e 25 g (natural Tin rod)
o 99.999% Purity

e 13 mm diameter

Available @ Nuclear Physics Institute )
Czech Academy of Sciences (I. Tomandl, F. Marek) Available @ IFIN-HH Target lab



Experimental Details and Difficulties [EAR?2]

Resolution function and multiple scattering -> SAMMY-based calculations

> In EAR2:10 g sample (0.00618 at/b)

> 1
]
>' — Without Resolution function {1.0g)
— With Resclution function (1.0
E 124Sn(n.g) \ - With Resolution function Eo.1g}
5 0.1 JARN
- 7 Ay
o
0.01 s
d B x// SN
7 o S
0.001 ~ )
- ,/"// = —
— - . \_‘_
0.0001 —
4 50 55 60 65 70 75 80 85

Neutron Energy (eV)

0.1
0.01
0.001

Capture Yield

0.0001
le-05
le-06

> In EAR2: 0.1 g sample (0.000618 at/b)

le-07

—Without Resolution function (1.0g)
With Resolution function (1.0g)
With Resolution function (0.1g)

1245n(n,q)

'

/I
A
<

AP

900 1,050 1,200
Neutron Energy (eV)
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Experimental Details [EAR2]

How will we measure?

Setup of 9 sTED detectors

Measure from thermal to highest reachable energy by these

detectors in EAR2

Use an enriched sample: 97.9% of %“Sn

Thin-thick approach:
® Up to 15-20 keV-> thick (1.0 g)
e Average xs above 20 keV-> thick (3.0 g)
e  First resonance -> thin (0.1 g)

Ancillary: also irradiate "@'Sn, '77Au, "'C, "9'PL samples + Empty

The 9 sTED's setup used in EAR2 for the 2°°Bi(n,y) campaign



Proton Request [EAR?2]

Counts estimation:

> 10 g sample, 0.00618 at/b (10 mm-diameter) > 0.1 g sample, 0.000618 at/b (10 mm-diameter)

Eff-45% (9 sTEDs), JEFF-3.3

UBLELALLLL BN B L

LBLLLLLL B AL AL B B~

Eff-45% (9 sTEDs), JEFF-3.3
| 2000 bpd
105 .............. .................. ................... ST

Counts/bin/6.5¢17

Counts/bin/1.1e17
[w—
<L

10 ~— 1248n(ng)_1g

—=— Total Background (EAR2) |-

3 ] 107!
————— Total Counts § :

U SN F 1 USRIV £ SRR SR EP 1 O Ity Total Counts
Total Background (EAR2) i H : E

T T I

1248n(n,g)_0.1g
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102 107! 1 10 10? 10° 10* 10° 103" sl
Neutron energy (eV) 107 107! 1 10 10° 10° 10* 10°

Neutron energy (eV)

Total background = empty+in-beam y+elastic
Total Counts = 1245n(n,g)-0.1/1g + total background




Proton Request [EAR?2]

Eff-45% (9 sTEDs), JEFF-3.3

Counts estimation:

> 1.0 g sample, 0.00618 at/b (10 mm-diameter) § 104} LIRRRE O .0 : ! !—§
© : =
E : i
i
2 10° 4 ........................................................... il
2 = r
S y
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Counts estimation:

> 3.0 g sample, 0.01856 at/b (10 mm-diameter) §. 10°

Eff-45%, JEFF-3.3 [9 sTEDs]

Eff-13.5%, JEFF-3.3 [27 sTEDs]

Counts/bin/4.8e17 (500

10%| -

102

10

Proton Request [EAR?2]

iB5 3 [HII]I]

124Sn(n,g)_3g_27 sTED

Total Background_3g_9 sTED

124Sn(n,g)_3g_9 sTED

T,

g e

10°

Neutron energy (eV)



Proton Request [EAR?2]

For '2#Sn (1 g sample) -> 6.5x10" protons

For '24Sn (0.1 g sample) -> 11x10Y protons

For '2Sn (3 g sample) -> 4.8x10" protons

For "@tSn -> 1.1x10" protons

Ancillary: normalisation (7Au) + background estimation ("'Pb, "**C, Empty) -> 6.5x10" protons

In total: 2.0x10'® protons



A Motivation:

 A: Neutrinoless double § decay searches
« B: Nuclear fuel depletion calculations: '2Sb problem

Q Status of data:

v No ToF neutron capture data exist to map out first resonances below
10 keV, questionable resonances...

Experiment goals:

4

v To provide for the first time reliable, low uncertainty neutron capture
ToF data from thermal to 15-20 keV -> resonance parameters for the
most intense resonances

 Possibly average cross section above 20 keV

O Impact:
&/ To better quantify the neutron-induced background for
neutrinoless double 8 decay (OvfBpB) searches

«/ Optimistically, to at least partially clarify the differences
P Y p y Yy
between various evaluations -> improve on '25Sb problem

Summary

Proton request

Sample Protons
124Sn (1 g) 6.5x10"7
124Sn (0.1 g) 1.1x10"7

124Sp (3.0 g) 4.8x10"7
natSn 1.1x10"7

natC, natPb, 17Au + Empty 6.5x10"7
Total 2.0x10'®




Thanks

Do you have any questions?

https://www.nipne.ro/proiecte/pn3/ntof
/
h’r’rps://www.nipne.ro/
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Phone: +(4021) 404.23.00
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