Cross-section validation for
(n,2n) reactions
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 Motivation
e Characterization of LR-0 reactor

e Characterization of HPGe detector
* Validation of ®°Zr(n,2n), >>Mn(n,2n) and %/I(n,2n) reactions




Motivation

 The measurement of SACS for selected reactions is of high interest
because they are used for the practical reactor dosimetry, where
these reactions are used to monitor the neutron flux behind reactor
vessel and then determine reactor vessel damage.

* These verifications are also important for refining neutron fission
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Characterization of reactor spectrum

* Several experiments were performed to compared measured results
with the model of reactor core

* Mainly two factors are needed: critical experiment and power profile
experiment.

* For greater certainty were performed other experiments: stilbene
measuring of fast neutron spectra and spatial distribution
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e AF position
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Characterization of HPGe detector

» Detector was irradiated 2 hours in pure 13/Cs gamma

source in distance 5m at CMI

* From the resulting radiogram were measured detector

parameters

* Due to the divergence of the 13/Cs source beam, it was

necessary to made a correction

Measured value [cm]

Uncertainty [cm]

Crystal radius 3.003 0.010
Crystal length 5.525 0.020

Hole radius 0.482 0.011

Hole length 4.420 0.035

Cap thickness (aluminum) 0.143 0.013
Pin radius 0.331 0.024

Pin contact length 0.369 0.026

Gap thickness (vacuum)

0.480

0.018




Point source of 241Am

6.325 cm - crystal diameter

® Measured points
® Detektor center
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Validation of ®°Zr(n,2n), >>Mn(n,2n) and
127](n,2n) reactions

e Reaction rates g were determined by measuring NPA using HPGe
detector

(58] et Ly

* Experimental reaction rate of the studied (n,2n) reactions were scaled
to unit neutron emission in the core using the scaling factor K derived

K 1 _Z\ qx(l NPS)Calculated

Plasessined




Validation of ®°Zr(n,2n), >>Mn(n,2n) and
127](n,2n) reactions

235U prompt fission neutron spectra (PFNS) was calculated by ENDF-VII and CIELO nuclear
data libraries

neutron flux @ is obtained by multiplying calculated relative flux (MCNP6) &,.(1 nps) with
the scaling factor K

For the correctness of the calculations, a well-defined reactor spectrum is needed
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90Zr(n,2n)

Calculated q [s7'] C/E-1 | Calculated q [s7] C/E-1
(ENDF-VII) (CIELO)

5.54E-33 -11.9% 6.24E-33 -0.7%
5.62E-33 -10.7% 6.32E-33 0.4%
5.85E-33 -7.0% 6.57E-33 4.4%
5.54E-33 -12.0% 6.22E-33 -1.0%
5.85E-33 -7.0% 6.57E-33 4.4%
5.85E-33 -7.0% 6.57E-33 4.4%
5.43E-33 -13.7% 6.12E-33 -2.7%
5.85E-33 -7.0% 6.57E-33 4.4%
5.51E-33 -12.4% 6.20E-33 -1.4%
1.4% 4.13% 1.7% 4.23%

ENDF VII.1

Neutron emission rate [s™'] 3.82E+11 JEFF 3.2

T

Correction to flux loss JENDL 3.3
"SACS T reactor spectra > 0V [ab] | 768 | TENDL 4
— Cross-section m 0 [wb] | 0.107_| ROSFOND
| Uncertainty [ 3.88% | e

IRDFF
Uncertainty




>>Mn(n,2n) and 147I(n,2n) measurement

Same measurement as in the case of Zr

Each capsule were measured separately at

the HPGe detector

8.2¢cm




Calculated q [s~'] C/E-1 | Calculated q [s'] C/E-1
(ENDF-VII) (ENDF-VII)

ENDF VII.1 5.13E-21 0.1% 2.73E-20 -2.0%
A [Bq] R.0465 453.8715 ENDF VII 4.93E-21 -3.9% 2.73E-20 -2.0%

Cross-seotion 1n U [mh]
200% 5%




