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The Nuclear Data Program at the
Gaerttner LINAC Ce»nter

* Driven by a 60 MeV pulsed electron LINAC ~10!2 n/s

* Neutron transmission
— Resonance region: 0.001 eV- 1000 keV,
— High energy region: 0.4- 20 MeV

* Neutron Capture

— Resonance region: 0.01-1000 eV

— New detector array at 45m: 1 keV ~ 500 keV
* Neutron Scattering

— High energy region: 0.4 MeV- 20 MeV

* Prompt Fission neutron spectrum

* Lead Slowing Down Spectrometer

— Fission cross section and fission fragment
spectroscopy.

— (n,a), (n,p) and (n,y) cross sections on small
(radioactive) samples.
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Recent CIELO Related Activity

* U-238
— Neutron scattering 0.5 MeV <E_<20 MeV
* Data on 238U published (ANE, Vol 73, P. 455-464, Nov. 2014).
* Fe
— Na'Fe Neutron scattering 0.5 MeV<E_<20 MeV.
e Publication in preparation
— NaFe neutron capture 1 keV<E <2 MeV

— High resolution transmission on Fe and >®Fe, 0.5 MeV<E <20 MeV.
Data was delivered to Leal (ORNL) for inclusion in the evaluation.

* 0O-16

— Measurement of H,O neutron transmission 0.5 MeV<E_<20 MeV
using a 250m flight station.
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Neutron Scattering

* Provide accurate benchmark data for
scattering cross sections and angular
distributions in the energy range from 0.5 to
20 MeV

 (Can be developed to provide differential
elastic and inelastic scattering cross section
measurements

* Design a flexible system: now also used for
fission neutron spectra measurements
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TOF Scattering Yield Measurement

* Measure the total TOF t=t,+t,

* For all scattering events E,<E,

* In most cases the energy loss is small E,~E,

* Since t,>>t, and E,~E, then for presentation the incident

neutron energy E, is calculated using t and L=L,+L,

L4, Ey

™ L,~0.5m E(t)=~mc? ~1
L1~30m \ \/1 L)’
L21t21E2 _(Ctj
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Scattering Detection System: Experimental Setup

Low mass sample
holder
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Flux Shape Measurement

e Use a fission chamber with

~391 mg %3°U in the sample 2X10 ="
.y 10" 4 —— Fission Chamber | 3
position Y —— EJ-301 :
e Use ENDF/B-VII.1 fission § — MCNP
cross section for 235U s 3
* Correct for transmission of g ]
all materials between the & 107 3
source and sample 5 _
» Compare to a similar o A 3
measurement using EJ301 £ !
and SCINFUL calculated 10° e N .
efficiency o : L =)

e Combine the two data sets =il

using fission for E< 1 MeV
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Efficiency as a Function of Energy

Energy [MeV]

30002220 __° 2 i 03 % ObjECtive:

oo | — MCNP simulation of EJ301

- response in the sample position
_ must precisely agree with the
| measurement

? e Methodology:

] — Use the measured flux as a source
' in MCNP simulation of the in-
500 1000 1500 2000 2500 3000 beam detector response

s — In MCNP set the detector

2000 -

1500 -

Counts

1000

Detector 6

¢ Inbeam Data

500 —— MCNP Calculation

1.2 T T o »
o— efficiency 7=1 (tally only the
1.0+ Detector 2 § neutron flux shape)
5 o8- Datector & — Divide the measured response by
5 ] Detector 6 | the simulation results to get the
g Detector 8 efficiency n(E) for each detector
& 04 | — During the experiment periodic
0.2 _— gain calibrations are done to
minimize gain shift.
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Data Reduction

 Sum all files and dead time correct.

« The experimental count rate corrected for background and
false neutrons:

M
Rn.=RN’ - fn’ —
) | f ) M

S

0 '(Rnio _fnio)

Rn’,Rn? - Sample and open neutron counts at TOF channel i
fn;,fn> - Sample and open false neutron counts for TOF channel i
M®,M° - Openand sample monitor counts for the run

n7
The false neutron correction: fn,. = Z f(AJ ) ~204 effect for 238U
=1 For E,~6 MeV

n, - Number of gammas in TOF channel i
f(A;) - False neutron correction factor for pulse area A
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MCNP Simulation Geometry

Use ASAP (As Simple As Possible) approach
Use array of point detector tally F5 to model the EJ301 detector
—  Convolute the tally with the detector efficiency

Include:
%" Depleted U filter in the simulation

— windows (Al) and Mylar windows

—  Optical Table

—  Concrete floor

—  Adjacent aluminum vacuum flight tube

Air Vacuum

LINAC %_ﬂ | ‘

| [ vaewum ] [

Source 238
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Graphite Reference Results

Energy [MeV] Energy [MeV]
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* Differences between experimental data and MCNP calculations
(ENDF/B-VII.1/JEFF-3.2) used to estimate systematic uncertainties

n — Total number of energy bins
C — Total neutron counts

MC — Normalized MCNP Results
i — Detector #

Fom. = 2.3 ( MG ) j—Energy bin
= Z &—uncertainty including
n j=0.5MeV i,j experimental and S|mulat|0n
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Iron Scattering
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nalke Scattering - 61°
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nalk-g Scattermg 153°

Graphite 4.9

ENDF/B-VII.1 25.9
JEFF-3.1 39.8
JENDL-4.0 23.4
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Observations for "atFe

e The JENDL-4.0 evaluation had best overall

agreement with experimental data from 0.5 to
20 MeV for all angles.

 Experimental data can be analyzed further to
provide:

— Inelastic to Elastic Scattering Ratios

— Elastic (only) Scattering Contribution

ZOUNTE S
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Inelastic to Elastic scattering Ratio
EJ-301 Response Functions

* Detector in-beam measurements were used to develop
response functions for energies 0.4 < E(t) < 2.0 MeV
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Inelastic to Elastic Ratio "atFe

e Select an energy region (shown between the two black vertical)

* Fitin-beam response functions, f,(/) and f, (/), to known levels

Counts

A —

Fitted elastic fraction

(1-A)

R(D=A-1y(1) + (1 —A) - iy (1) Ratio =
Energy [MeV] 300
2 1.9 1.8 17 16 15 1.4 ]

12000 4 . . T . T .

250 -
10000- —— "Fe Data |
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BOU0S —— JENDL-4.0 @ ]

c
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Inelastic Contribution| |
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Inelastlc to Elastlc Ratio
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Elastic Scattering Contribution

* The response function fitted method does not easily extend to high energy resolution
data and a new method was developed
* The goal is to isolate only the elastic scattering:
— Cut pulses with integral less than the discrimination.
— Correct for the elastic shape that was discriminated.
— Method is insensitive to inelastic to elastic ratios.

225 —— 2500 : : : ;
| ] th H
200 _ 1.87 +0.047 MeV | ] ? * I\/rlc?x Channel (99" Percentile)
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. ———1.05+0.026 MeV | | 5
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238 Scattering Measurement

Energy [MeV] Energy [MeV]
20 10 5 2 il 0.5 20 10 5 2 1 0.5
8000 [Trrr T T I I T T T T 5000 [Trrr T T I I T T T T
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% 4000 . %
© ] © 2000 |
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IAEA-Ib33 3.5 IAEA-ib33 7.0
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238J Scattering Measurement - JEFF 3.2

2000 -
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_
JEFF-3.1 JEFF-3.1 20.4
JEFF-3.2 2.8 JEFF-3.2 7.9

» Significant improvement in JEFF3.2

The Gaerttner LINAC Center 24

Mechanical, Aerospace and Nuclear Engineering



Mid-Energy Capture Detector
System Overwew

* 4 C.D, detector modules
manufactured by Eljen
Technology

* Low mass, low neutron
sensitivity design

* Located at 45m flight path
in newly constructed flight
station

e Measurements made from
1eVtol MeV

k3 1//{‘(6—1]
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Mid-Energy Capture Detector
st OYSTEM Overview

— Velmex BiSlide linear translation table
w/ stepper motor and magnetic position

encoder
 Data Acquisition =3 =
— 8-channel SIS3305 digitizer w/ 10-bit, o i
1.25GHz functionality = e : o
* Beam Flux Monitoring e g% ﬁﬁ} ----------------- |
— 8-Channel MDGG-8 Flexible Delay/Gate — D‘“ o A |

Generator & Scaler

* Detector Bias
— 2 Dual-channel 3kV NHQ-203M high
voltage supplies
e Software

— Custom C/C++ libraries for system
control, data acquisition, visualization
and data analysis

® Rensselaer e
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Mid-Energy Capture Detector
Principle of Operation

Uses the “Total Energy” detection principle:

1. Detect only a single photon per capture
cascade

2. Assert that the detection efficiency is

proportional to the incident photon
energy

3. Given 1land 2, it can be shown that the (
total efficiency to detect a capture event
is proportional to the total excitation
energy of the compound nucleus, and
insensitive to the cascade.

® Rensselaer liiiac S
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Capture Yield

S Energy [keV] Energy [k.é
®)Rensselaer lifiae

nalke Capture Measurement

e MtfFe was used as a test to compare with evaluations and other
measurements

— The RPI data (45m flight path) has good energy resolution compared to the
Spencer ORELA data (40m flight path)

- The RPI data prowde mformatlon above 700 keV (next sllde)

10 4 T | U T v T T T T T
0.10 4 ——RPI (150 keV Cu) RPI (150 keV gamma cut)
== — RPI/Sammy (ENDF/B-VII.1) | —— RPI/Sammy (ENDF/B-VII.1) ]
009 . — Spencer/Sammy (ENDF/B-V”l) | 2 - Spencer/Sammy (ENDF/B-V”].)
] Spencer 1994 (ORELA) - 10 Spencer 1994 (ORELA)
0'08__ Spencer: N=0.0105 atm/b ]
0.07 1 RPI: N=0.17133 atm/b - o
| 1 & 10° |
>_
9 q
> 1 ‘
S 107, \) IR TR
O 1l
| J\f i
10° i1/ 1T W {v
3 - T 106 z T z T ; T z T z T y T y T
10 20 30 40 50 60 70 80 90 100 300 320 340 360 380 400 420 440
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nalke Capture Cross Section above 847
keV

New capture data obtained above o*+—+ +7—2-——-—— - -~ -
847 keV and 1409 keV inelastic e  RPI (300 kev o)

- Fe 1st inelastic state —— RPI (1410 keV Cut)
states in °°Fe and >*Fe 10° Spencer 1904
alyshev
Capture signal separated from  —  ENDRBAILL
inelastic scattering signal by post- S 10t .
processing digitized waveforms G 3
with different energy deposition ﬂ , e
» 10
cutoffs e) h | l‘ Ry
O I|ﬂ Y 1
Good agreement with other "‘. ’ | rL
experiments
The data are lower than the L~
evaluations above 1400 MeV 600 750 1000 1250 1500 1750 2000

Energy [keV]
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Feasibility of 10 total cross section
measurement usmg H ,O

Measurements of 2cm and
5cm H,0 in thin windows
quartz optical cells

Used 250m TOF and 10 ns
pulse width for the feasibility
test

Used 3 fission chambers as

beam monitors.

— The experiment requires good
monitor normalization

In the 10 “hole” at 2.34 MeV
mostly H, is measured

— Provides verification of the
normalization

Used carbon for energy
calibration

Mechanical, Aerospace and Nuclear Engineering

Tranmission

——5cmH,0 - Exp
——2cm H,0-Exp

5cm H,0 - ENDF/B-VII.1
—|=——2cm H,0 - ENDF/B-VII.1
—— 5 cm H - ENDF/B-VIIL.1

—— 2 cm H - ENDF/B-VIL.1

1.0 2.0 3.0 4.0 5.0 6.0

05
Neutron Energy [MeV]
10 T
RPI experiment
—— ENDF/B-VII.1
8 1 i —— Hale evaluation
i ‘ Leal evaluation
= |
3 v
3 oI
L 44 Wi {‘ ] | ]
2 A ;L»)\ \J /\ b \ L ) ‘ \
. J k y
0 T T T
0.5 1.0 2.0 3 0 4.0 5.0 6.0

Neutron Energy [MeV]
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To compare the experiment with
evaluation both were grouped

* Grouping reduces the statistical 10 N '
uncertainty )|
* Grouping preserves the number __ g .
of neutrons transmitted through é’ 1‘@1} ko ”m_& -
the sample 3 Q\%: "*’_ﬁ I
. . : \ o I =
* Grouping can be done in two ?tj 1- | = :
ways: % LT | -
— Group the cross section % g ; E)Iilp;g/g?\?ltl 0 j
— Group the transmission and then O — Hale evaluation| |
compute the effective cross - 1 3 Leal evaluation | |
section
* Both options gave similar results
— The grouped cross section is 0'10_5 110 ' 2i0 ' STO ' 410 ' 5i0 ' 6.0

shown
Neutron Energy [MeV]
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160 — total cross section C/E

Below 3 MeV the
evaluation are lower.

Below ~0.7 MeV there
are large differences

carbon sample
measured at the same
time does not have this
problem

Between 3.2-6 MeV
ENDF/B-VII.1 matches
the experiment within
~1.2%

H normalization is
better than 1%

It is feasible to provide
new information on
160 normalization

Normalization of the
experiment is critical

C/E

coocopmPRERRE O00ORRPREERE OO0ORPEEERE
WOOOOORRN 0OOOOORRN 0EOOOORRN
SO UIOGIoUIO OGIOUIOTIOUIO OGIOUIOTIOUIO
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Comparmg to CIERJACKS 1980

CIERJACKS 1980
RPI experiment

]
AT §oBoP & 9|

N
1
"
bo xR oo coa
o T TR
1

*°0 o, [barn]
w
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3.2MeV<E<6MeV| C/E | C/Estatistics | Normalization uncertainty:
ENDF/B-VII.1 0.988 +0.002| - H

Leal 1 1.030 +0.002 % —0.996+0.003"
Leal 2 1.006 +0.002| O enDE . N/
Hale 1.012 £0.002 Statistical
Cierjacks 80 0.968 +0.002
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