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1. General information

NUCLEAR PHYSICS AND ELECTRONICS DEPARTMENT

v
PRINCIPAL MISSIONS:
To exploit DNRR for fundamental research,
application and nuclear human resource
devélopment

¥
MANPOWER FACILITIES AND EQUIPEMENT
- Official members: 15 - Dalat research reactor (DNRR);
- Scientific collaborators:5 - Mono-energetic neutron beams;
(senior researchers: 7) - Spectroscopy system (Gamma,
neutron, Compton suppression,
gamma-gamma coincidence
. spectroscopieq)
ACTIVITIES
Development of mono-energetic neutron beams using the filtered

technique;

Nuclear data measurement (neutron capture, total cross section,
gamma decay schema, level density,...);

Development and application of neutron activation analytical

techniques (INAA, PGNAA, CNAA, ComINAA hydro index,...);
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Main characteristics of DNRR

* Reactor type: Pool type (TRIGA Mark
I, modified to Russian type of IVV-9)

* Nominal power: 500 kW

* Maximum thermal neutron flux in
the core: 2.1x1013 n.cm=2.s!

* Coolant and moderator: Light water
* Reflector: Beryllium and graphite

* Core cooling mechanism: Natural
convection

* Fuel type: Russian type, VVR-M2,
UO2+Al, 19.75% enrichment

* Control rods:
- 2 safety rods: B,C

- 4 shim rods: B,C; 1 fine rod

 Vertical irradiation channels: 4
holle<s in core and 40 holes at the rotary
rac

* Horizontal beam-ports: 4 (1
tangential - No #3 and 3 radial - No #1,
#2, #4) 4
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Neutron beam channels of DNRR and applications

Beam port #2
thermal, 2, 24keV
NC, RI, PGNAA

Beam port #1
will be used for
new application

RI: Resonance Integral;
NC: Neutron capture
measurement;

TC: Transmission
measurement.

Column

door

I

Thermalizing column (closed)

Spent fuel storage tank

Horizontal section view of DNRR

Thermal
Column

—_——
- ~ <

Beam port #3
thermal
Level density,
amma transitions

Beam port #4
thermal, 54, 59,
133,148keV
NC, TC
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ATIVITIES

1. Development of mono-energetic
neutron beams using the filtered
technique;

2. Nuclear data measurement (neutron
radiative capture, neutron total cross
sections, gamma decay schema, level
density and gamma strength function);

3. Development and Application of neutron
activation analytical techniques (INAA,
PGNAA, CNAA, CoinINAA);

4. Design and manufacture of radiation
measurement systems; ;



Development of filtered neutron
beams
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Eeactor
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Before beam After beam development

development (the channel is being
(the channel is closed) used )



Development of filtered neutron
beams

Single Crystal Si
Single crystal Bi
Single Crystal Si
Single Crystal S

Filtered neutron facility at the horizontal channel of Dalat reactor (unit: mm)

Design and constructions of neutron filter
plug



Development of filtered neutron
beams
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Development of filtered neutron
beams

Air
neutro
n Lead
Borated HD
polyethylene

Monte-Carlo simulation for filtered neutron beam at Dalat
research reactor

13



Thong lvgng notron nhiét (n/cm k)

1.4E+06

1.2E+06

1.0E+06

8.0E+05

6.0E+05

4.0E+05

2.0E+05

0.0E+00
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beams
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keV- filtered neutron spectra (cal.)

300
2004
=
s
>
=
=
o
o 1004
=
0

——2keV
— 24keV

S4kel

10 59keV
—— 133keV
— 14 8kelf

wdil
T T

10 100

E (keV)

15

x10




Counts

Counls

keV- filtered neutron spectra (exp.)
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Development of filtered neutron
beams

0.8 uSv/h L7 uSv/h

uSv/h 2.1 uSv/h

An outside view of filtered neutron beam at the channel No.2 of Dalat
research reactor with radiation dose rate information (white color for neutron

and black color for gamma) 17



Development of filtered neutron

biimi

Neutron energy 24keV 59keV 133keV
Neutron flux (n/cm?.s) 6.1x10° 5.3x10° 3.2x10°
Energy resolution (keV) 1.8 2.7 3.0
Peak relative intensity (%) 96.72 92.28 92.89
Beam collimated diameter 3 cm 3 cm 3 cm

B 0.2g/cm? B 0.2g/cm? B 0.2g/cm?

Fe 20cm Ni 10cm Cr 50g/cm?

Al 30cm V 15cm Ni 10cm
Filter compositions S 35g/cm? Al 5cm Si 60cm

S 35g/cm?
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Development of filtered neutron beams

Neutron energy 0.025 (eV) 54keV 148keV
Neutron flux (n/cm?.s) 1.6x108 6.7x10° 3.9x10¢
Energy resolution (keV) 1.5 14.8
Peak relative intensity (%) Rcd = 420 78.05 95.78
Beam collimated diameter 3 cm 3 cm 3 cm
Si 80 cm B 0.2g/cm? B 0.2g/cm?
Bi 6 cm Si 98cm Si 98cm
(single crystals) | S 35g/cm? Ti 1cm

Filter compositions

19




Development of filtered thermal neutron beams

Filters Thermal Epithermal | R, ratio Collimators
o, (0/cm?s) | @, ; (n/cm?/s)
120 cm Si 8.08x10° 2 41x102 205 Cylinder
(Single Crystal) +0.15% +3.03% @ = 3cm
80cm Si + 3cm 1.02x108 2.82x10?2 230 Cylinder
Bi +0.14% + 0.96% ® = 3cm
(Single Crystal)
40cm Si + 9cm 1.51x10¢ 4.85x102 128 Cone
Bi +1.57% +1.45% ®, =5.0cm
Single Crystal _
(Sing ystal) ®, = 4.5cm
@, =4.0cm
80cm Si + 6cm 0.95x10°¢ 0.92x10?2 420 Cone
Bi +1.25% +2.85% ®, =5.0cm
Single Crystal _
(Sing ystal) P, = 4.5cm

P, = 4.0cneo




Nuclear data measurement

1. Measurements of neutron reaction
cross-sections:

- Total neutron cross-section;

- Neutron capture cross-section.
2. Gamma decay schema, level density:
using of gamma-gamma
coincidence spectroscopy and
gamma two-step cascade method.
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Measurements of neutron reaction cross-sections

* Experimental arrangement

. neutron-gamma LND-281
collimators sample changer shielding counter

—

* Total neutron cross section * Neutron transmission ratio
b
1 1 a—a
o, =—In— T = ;
pX T d, —d,
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Cross section (barns)
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Cross section (barns)

238 (n,tot); En=24, 54, 59, 133 and
148 keV
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Cross section (barns)

93NDb (n,tot); En=24, 54, 59, 133
and 148 keV
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Cross section (barns)

181Ta

[ in i)\

ENDF/B-VIIA

. K

¥+ pH

— — JENDL-4.0

H.W.Newson, 1957
R.H.Tabony, 1965
A.B.Smith, 1966
J.A Harvey, 1988
Yu.W. Grigoriey, 2007
R Hannaske,2013
This work

150

|
200

Neutron energy (keV)

26




Measurements of neutron reaction cross-sections

The measurement of neutron capture
cross sections have been carried out on

the filtered neutron beams at the Dalat
research reactor.

The measured neutron capture cross
sections were obtained relative to the
standard capture cross sections of the

97 Au(n,g)"®Au reaction by the activation
method.

The corrections for multiple scattering,
self-shielding are taken into account by
Monte Carlo method.
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Measurements of neutron reaction cross-sections

During irradiation in a neutron beam with energy spectrum
®(E), the capture reaction rate R, Activity A of samples are
defined as following expressions:

R =N j¢(E)Ga(E)dE y <O, >= I . (E)P(E)dE i< P >= j ¢(E)dE.
f P(E)dE

Cf.A
R=N<o,><P>. A=R(1—-e™), A= !

o -2t, Aty N’
g le(1-e™)
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Capture cross section (mb)

Measurements of neutron reaction cross-sections

The result of measurement for >'V(n,g)>*V reaction
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1525m(n’y)153sm; En= 54 and 148
kel/
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r(n,y)*%r E,= 54 and 148 keV
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193r(n,y)*4r. E,= 54 and 148 keV

Cross section (bamn)
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185Re(n,y)%®Re; En=24, 54, 59, 133 and
148 keV
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Cross-section (ham)

187Re(n,y)'88Re, EN=24, 54, 59, 133 and
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Measurements of gamma decay schema and level density
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Gamma - gamma coincidence

method

Reactiom " XKin, )X

A*1IX  In compound state emits
gamma to go back to ground state.

Gamma - gamma coincidence
spectrometer measured only
gamma in cascade (Ex: red
transition in Figure).

Therefore, provides information to
determine intermediate levels.

Obtained data:

Partial level scheme:

Gamma cascade transition intensity;

A+l

Quasi-continuum

E;

G.S.

Level density and Gamma Strength function,

gamma cascade transition intensity

37
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Gamma - gamma coincidence
spectrometer at DNRI

Energy mput | AMP owput 4, | SKADC
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g Gate QOut
3
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;;E Input | TFA |Quput Input o Out NIM i Convert n
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I 474 584 P
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£ ¢
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— | oV Delay | gy Ortsc il Canberra | Time, 1k 8 Computer
A utpu Ortec Canberra 5 566 8713 1
- 660 05 |Out = !
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02 25 Ortee ot % ortec
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Gate Qut
[ A——ITiming Input Amp. Output m| 8KADC I
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Energy nominal resolution: ~1.9 keV at 1332 keV measured with Co-60;
Timing resolution: ~12 ns measured with Co-60.

38



Experiment setup

[ ] Lithium Fluoride
W Target
r)garbide
/ Boron shields

10 em thickness Lead
Chambers with 2 mm lead
in detector window

10109319 4DdH

Thermal neutron beam

101091d 4HHdH ’

Neutron flux at target position = 1.7 x 10°> n.cm=2.s!

R(Cd/Au) = 230

Distance from target to detector windows = 5 cm
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Data
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Some obtained results at DNRI
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Summation spectrum of Sm-153
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Summation spectrum of Ybh-172
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NJrber of event MJrber of event
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| , % per decay

Cascade intensity, level density
and gamma strength function

lgg, level density and RSF of Sm-153

§ 1538m
010
©
g L
R Of
e
oLef——", .
2E Mev 4 2 E MeV
lgg, level density and RSF of Yb-172 :
107- 172Yb ‘
% 3
Q
E.
s
@ o] TTTTJT_;Ir 4"‘2,., +
X LLB ™
2 4 6




The newest
result of 172Yb»o s
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Events
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Two-step cascade spectrum corresponding to the ground state
(left panel) and the final level with energy level Ef = 78.8 keV
(right panel).
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New gamma transitions and
levels

* Measured for approximately 830 hours

479 cascades were determined, whereas
128 cascades had statistical count higher
than 50 count.

*61 primary gamma transition and 19
secondary gamma transitions were found
to be the same as ENSDF data.

*18 primary gamma transition and their
corresponding energy levels plus 109
secondary gamma transitions are not

found to currently exist in ENSDF,
therefare con<idered ac the new data



Development and applications of
Neutron Activation Analytical Techniques:
INAA, CNAA, PGNAA, CoinINAA)

* Equipment:

- Gamma spectroscopy;

- Coincidence spectroscopy;

- Compton suppression spectroscopy;

- Irradiation pneumatic sample transfer system;

- Automatic measurement sample changer system.
* Method:

- Delay gamma neutron activation analysis;

- Prompt gamma neutron activation analysis;

- Cyclic neutron activation analysis;

- Coincidence gamma neutron activation analysis.

* Application: Industrials, environment, geological,
archeology,... 51



Counts

petermination of element with
overlap peaks in NAA by event-
event coincidence technique
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The spectra of Montana II Soil in normal and coincidence modes; the
coincidence is gated at 264.7 keV.
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Detection limit improvement of

The area, the peak to backgII(MAAtios and detection limits of
selenium in Montana II Soil in normal and coincidence modes.

Peak to Detection limit
Peak area
background ratio (mg/kqg)

Coincidenc Coinciden Coinciden
Normal Normal Normal
e ce ce

121 6924(104) 16(1) 0.29 0.84 0.21
136 939(170) 40(3) 0.04 6.67 1.52

264 912(196)  45(3) 0.05 6.43 1.41
(3Se+1%2Ta)

279
(755e+203Hg
)




Design and manufacture of
radiation measurement systems

* Purpose:

- Improve skills of maintenance for radiation
measurement systems;

- Design and manufacture of some radiation
measurement systems for research, applications and
training.

* Method:

- Field Programmable Gate Array (FPGA) and Digital
Signal Processing (DSP);

- Using simulation tools for designing of spectroscopy
and neutron detectors (VHDL, Matlab software).

* Application:

- Design and manufacture of multichannel analyzer,
event-event gamma coincidence spectroscopy;

- Design and manufacture of scintillator neutron detector.



Some results of application DSP
and FPGA for manufacturing of
spectroscopy
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Block diagram of gamma spectroscopy using DSP
technique
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Some results of application DSP and FPGA
for manufacturing of spectroscopy

The gamma spectroscopy using DSP and
FPGA g



Some results of application DSP
and FPGA for manufacturing of
spectroscopy

The integrated coincidence
| spectroscopy (2M size),
V using FPGA and DSP

Pulse Processing by PC (DSP by
software)
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The quality of DSP based
gamma coincidence

p opy
700 < 7007
600 2 3 ' " 20
500 ] - 5 | Channel A' 600'_ —— Gauss of Frequencies
o 400—: - 500-
S o] A
100 - g,
04— % F & L & ] ! T"_)I i e e e ] 5300-
700 - 2 = L 200
600 =2 | Channel B :
500 ] E % 100-.
E 400-: 2 0
o 300 ~ T T T T T T T T
Q 200 7] -1I00 -50 0 50 100
100 f“\u Time interval
0 ] I %= L a4 k2 0 7 i "i T — L -, . .
0 200 400 600 80O 1000 1200 1400 1600 1800 2000 2200 2400 Coincidence curve.
Channel Timing resolution is ~13
Energy spectrum of both detectors. ns (compared to 10 ns
Energy resolution is better 12% at with the current analog

1332 keV (Co-60), slightly better than one).
our current analog one.
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A prototype or scintiiiator aetector 1or
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Where: Ch,, ,Chy,  positions of neutron and gamma peaks respectively;
FWHM, and FWHM_ : full-width-maximums of neutron and gamma peaks respectively.



Aspect of education

Belong to the application for research
activities, these filtered neutron beams
with modern radiation spectrometers are
also utilized as experimental facilities for
PhD and Master students to carry out
thelr resea rch ODICS
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Aspect of education

2010 | 2011 | 2012 | 2013 | 2014
BSc. 1 2 2
MSc.| 5 ) 6 6 2
PhD. 4 6 8 9 7

Literature Review

Internal wave functions

(0 12m 1), =Y R[4 —b.g. |x0 [ 2m 5 )"
External wave functions
v LT U 40)

Relation of the U-matrix to the R-matrix
U=(k)?0"'0-RLY ' (1 - RE M (hry 2

1,=00"'-b =S +iP.

B

Number of Students

2010

2011

PhD.

B Vsc.
B C Sc

 \  . . <
Yearly graduate students perform their research projects
used neutron beams at Dalat research reactor

62



U“IIIIII“I,I v’

O R E iAW hE % E R

beams at DNRR

-y u

" -l @R R

m ISl (10)

PRbliratiare (95)

Manpower and Equipme e’, ® Journal (46)
® Mainpower Experienc
E Monoenergetic =
neutron beams Neutron
beam,
(n,y);
(n,2y); CS, .
LD, RSF,
PGNAA, W"Q% o o
CNAA > S 2SS
. ' \9%"’ \/o)cb“’ ’190“’ 00‘° ’19\?’ ,19'\’
1 Nuclear
Application\ numan
: Aspect of Educati resource
Analysis; ® PhD (7) lMSc( 40) development;
Maintenan mBSc (~ Exploit
ce: ‘ » efficient
Manufactur 9 DNRR;
< h c»°>+°.0. O & furlwrg;:?gr?tal
i m nt’ :\9 Q ’19 I%O
cquipme il @“’ @°> ,90 ,VQQ S s research,...




Summary

The neutron filter technique has been successfully
applied for development of mono-energetic neutron
beams at the Dalat research reactor.

The neutron beams are currently applied for basis
research, applications and education at the Nuclear
Research Institute/VINATOM.

The research topic carried out includes: measurements of
neutron total and neutron capture reaction cross-sections;
Measurement of nuclear energy level scheme and level
density.

The Monte Carlo code (Geant4 or MCNP5) have been used
for simulations of selt-shielding, multi-scattering
parameters and HPGe detector efficiency in order to
reduce uncertainty of experimental results.
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Summary

°The neutron filtered beams of 2, 24, 54, 59, 133 and
148keV are available and useful for measurement of
nuclear data.

 The neutron capture cross sections of 13°La, 1521545m,
191,193|r’ 146,148,150Nd’ 69,71Ga’ 185,187Re’ 181Ta’ 160Gd and 180Hf
within the uncertainties of about 5-8% have been
measured at keV energies by the activation method.

 The total neutron cross sections of 12C, 93Nb, 238U, 181Tg
within the uncertainties of about 1-3% have been
measured at keV energies by the neutron transmission
technique.

 Level schema, level density and gamma strength
function of nucleus (**3Sm, 172YDb, 23°U, 3%Fe, >°Ni, *°Ti,...)
have been determined by gamma-gamma coincident
method from (n,2g) reactions. o5
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Future plan

* Continue neutron cross-section measurement (Determination of
neutron resonance parameters; Publication of the experimental data
to EXFOR; EXFOR compilation,...);

* Continue gamma cascade measurement (level, density, strength and
nuclear structure), extracting LD and RSF from other method such
as Oslo method;

* Improvement of accuracy and precision of self-manufactured

equipment for nuclear physics research and applications;
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