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Background

+ 3Nb 100% isotopic abundance, an
important alloy in fusion reactor.

E(n,zn)-rhz 9 MeV

Owe to its high threshold of (n,2n)
reaction, so it can be used as
indicator for T-D reaction.

ey LSy )

o 3 . . o »
7 Nb OISO an lmportam‘ Cl"OY in Thel'he experimental advanced superconducting tokamak (EAST)
reactor.

A significant portion of the fission
neutron spectrum which lies above the
threshold of (n,2n) reaction for most
of the reactor materials.

The China Advanced Research Reactor (CARR)

[Hassan Physica Scripta, 2009, 78(4):2517-2530.]
[Ichihara A . Journal of Nuclear Science and Technology, 2016, 53(12):7.]



The status of 3Nb(n,2n)?29*"Nb cross section

Activation method
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What are the difficulties?

« activation method

- direct counting method

Reaction half-life E,/KeV
93Nb(n,2n)°*™Nb 10.15d
9Nb(n,2n)2¢Nb 3.2X107y

N=N,- e—6.7X107°t

The half-life of °29Nb is so
long, which need long time to
match statistical require.

This method is impractical
for (n,2n) cross section
measurement of ?3Nb.

The High y background.

The delayed y-rays in the
sample will enhance the
background and are difficult
to distinguish.

[ Veeser, Physical Review C,1977,16(5):1792.]
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Challenge and method

* bad n/gamma discrimination

New detector
better n/y discrimination
high detection efficiency for neutron emitted from (n,2n) channel

15



The geometry of the detector

* Front view panel * Side view panel

* Basic properties

110 3He tubes, polyethylene moderator (¢, = 80 cm, ¢dou: = 20cm) ,
center channel (¢ = 8 cm),

16



The detection principle

n+3He-p+3H +765 KeV
'"E Application
el
: —— Background ¢ (a,n) P@GCTIOH Cross
T 10 1l section measurement
E - 441 IR I il b ]
9 : i | ' . .
. * fission research
3l | Il
L Illl ”H' ll H | * beta-decay studies
i ' | m * inelastic neutron
o R RLIR IR acceleration cross

10"

o

20 3000 3500 4000

Channel section measurement

This type of detector can clearly distinguish neutron signals
from y ray signals and electric noises.
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The detector performance — efficiency

* Energy spectrum for secondary

neutron from (n,2n) reaction

5 06
318

For Nb, Tm and Co, the average
heutron energies emitted
through (n,2n) reaction are 1.81
MeV, 1.41 MeV and 1.22 MeV

respectively.

* Detector shaped in cylindrical

[ Laurent, NIMA, 745

2014:99-105]
 Detection efficiency vs energy

50

—e— MCNPX-110
45 --u-- FLUKA-110

40F —e— MCNPX-80

35

30

efficiency(%)




The detector performance — efficiency

* Detection efficiency of secondary neutron from (n,2n) reaction

Sample MC codes £0(%) f.(%) £(%)
Nb MCNPX 31.76 97 .45 30.95
Tm MCNPX 31.26 97 .45 30.46
Co MCNPX 31.62 97.45 30.81
Co-cend| MCNPX 31.30 97.45 30.50
Nb FLUKA 32.10 93.86 30.13
Tm FLUKA 31.80 93.86 29.85
Co FLUKA 32.30 93.86 30.32
Co-cend| FLUKA 31.90 93.86 29.94
* 22Cf fission neutron calibration
experiment FLUKA(fe) MCNPX(fe)
Efficiency 29.03+0.5% 30.93+2% 29.79+1.7%
eE=¢&pfe

&o Detection efficiency obtained through MC simulation

f. 2°2Cf effiency calibration factor
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The detector performance — moderation time

* Moderation time distribution * Cumulative efficiency relative to
for different neutron energy the maximum as a function of time
& o —— 0.3 MeV-FLUKA
"-‘ffyff&;. —— 1 MeV-FLUKA
T —— 5 MeV-FLUKA
102 P, X100 0.3 MeV-MCNPX
5 o e 1 MeV-MCNPX

P, e 5 MeV-MCNPX

el Ilffﬂ]

Counts / incident neutron / ps
o

-
Q
S

| Al L H]H]

pa v Py i IR
450 500

1 1 I 11
50 100

1 1
150

r4

IIIIIIIIIIIIIIIIIIIIIIIII
200 250 300 350 400
Time (us)
I
E, MeV

_.
€ g
[+

o

Remark
* First, about 90% of neutrons are detected within 200 ps after

neutron emission.
- Second, the fraction of the neutrons detected during a given time is

hearly independent of neutron energy.

20



The detector performance — moderation time

* Experiment for moderation time * Experiment result

102

10'3;—\\\
%10"’%
10'70— ' 200 400 T'm;;(sg)é S0 1000
* The time needed to count 90% neutrons
MCNPX exp-c
Moderation time 198 us 194 us

* Gate time 200 pus

21



Challenge and method

* bad n/gamma discrimination

A new heutron detector
better n/y discrimination v
high detection efficiency for neutron from (n,2n) channel ~30% v

* high neutron induced background
A great neutron collimator and dump.

22



Collimator effectiveness

* The design and actual photo of collimator

* Checked through the neutron radiography

From x axial umbra diameter 3.47 cm,
penumbra diameter 0.93 cm

From y axial umbra diameter 3.35 cm
penumbra diameter 1.02 cm

Can well cover the sample size

23



Influence of scattered neutrons from wall

* relative flux without capture * relative flux with capture

10N-2}
10N-3}
10N-4}
10N-5}
10N-6}
10N-7}
10-8}
10N-9}
10N-10}
10N-11}
10N-12}

* The total neutrons captured by the detection system when
1000000 neutrons irradiated along the collimator inlet

Condition Without capture With capture
FLUKA 178 177
MCNPX 176.5 176.3

The function of capture is invalid.

24



Challenge and method

* bad n/gamma discrimination

A new heutron detector
better n/y discrimination v
high detection efficiency for neutron from (n,2n) channel ~30% v

* high neutron induced background
A great neutron collimator and dump. 1/5000 v

- systematic uncertainty evaluation
Two independent relative measurements

25



Samples

Nb sample =~ Sample needed to be measured.

* Tmsample  Standard sample 1.  o;,(n,2n) = 1988 + 99 mb
[ ENDF Data.]

Co Sample Standard Sample 2. Oco (Tl, 271) =775+ 7.69 mb
[ Hasan, S. J. Journal of Physics G: Nuclear Physics, 12(5), 397.]

* C sample Sample used to evaluated the accidental 2n events.
For C Sample U(n,Zn)th> 20 MeV
* Sample holder * Basic parameters

Same dimension: 3 cm in diameter,
2 cm in height.

A successive run was taken for every
sample and can for a live time of 4 h
each.

26




Challenge and method

* bad n/gamma discrimination

A new heutron detector
better n/y discrimination v
high detection efficiency for neutron from (n,2n) channel ~30% v

* high neutron induced background
A great neutron collimator and dump. v
- systematic uncertainty evaluation
Two independent relative measurements for cross-check 1/5000 v

* spurious 2n event

pulse beam
C sample used to evacuate the contribution of (n,n) and (n,n’) for
another Samples. ( U(n,Zn)th> 20 MBV)

27



The challenge for
direct counting method

Elastic
scattering

Inelastic
scattering

(N.2)

(n,2n) reaction

Beam pulse 1st neutron signal
2nd neutron si

—\/‘
| NAS AS

200 us

Other reactions

(n,p), (n,n+p),
fission.....

Background
heutrons 2=



The experiment layout

-



The experiment arrangement

* Experiment in CIAE on January 15, 2018.

i — [

Concrete

7<'><» TT targ :
Deutron beam
( ollimator
/ __________________ IR |

-l‘ -
793 cm !

CH,

Neutron capture

* Neutron source Cockroft-Walton type neutron generator



Neutron source

* Accelerator
Cockroft-Walton type neutron generator

d+T - n+*He +17.59 MeV
Neutron energy E,=14.72+0.5 MeV  Calculated through TARGET code

Neutron flux I,, = 1x107n/s in 4x solid angle at target position.
Monitored by counting associated alpha particles.

Pulsed neutron beam

According to inverse square law, 0.12 n/pulse at sample position.

31



Electric and DAQ system

Beam pulser

N , - |
rl./\m.nualorl—i CFD 935 [

gate 200 ps

Module 1| >He tubes |—| Pre-Amp 1421;>c'I 1

Module 2| *He mubes |—| Pre-Amp 142pd - >
Module 3| >He tubes }—I Pre-Amp 142pc{ 3 5
Module 4| He tubes '—I Pre-Amp 142p<{ 410
Module 5| *He tubes |—| Pre-Amp 142133| > 5
Module 6| *He tubes '—| Pre-Amp 142pc{ 6 %
Module 7| *He tubes |—{ Pre-Amp 142pd 1




Corrections

* A series of corrections (considered)

a). A background correction

b). A correction for dead time losses

c). An efficient correction

d). A multiple event correction

e). A correction for events not included in the samples
* A series of corrections (unconsidered)

a). Not considering the flux attenuation in the sample

b). Not considering the N, ,nyevents in 3n and 4n events

c). Not considering the loss of secondary neutron in the sample
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Results and uncertainties

* Results based on different samples and MC codes

Sample Total 2n N,_, Ny_, N,_, N, (n,2n) n
Nb 37638 2016 3015 3633 8664 | 28974 3.344
Tm 31705 1963 2592 2826 7381 | 24324| 3.295
Co 340101 1882 3068 4377 9328 | 24773| 2.656

C 5070 2532 1762 776 5070

* Calculated based on o,,(n, 2n) and a,(n, 2n)

n(n,2n)/S

N S
T )

Nb\_ENb END

€ €
@m (n,2n)

or (1, 21) = 1988 + 99 mb S = 1.09E + 23 /em? Sy, = 6.72E + 22 /cm?

S € €
anp(n,2n) .22 2. gy (m, 21)
SNb~ENb END

oco(n,2n) = 775+ 7.69 mb Sco = 1.87E + 23 /cm?
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Results and uncertainties

* Results based on different samples and MC codes

Based MCNPX- MCNPX- FLUKA- FLUKA-
sample ENDF CENDL ENDF CENDL
Co 1513440 mb  1490+39 mb 150240 mb  1471+39 mb

Tm 1418+76 mb  1418+76 mb 142676 mb  1426+76 mb
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Results and uncertainties

* Based on Tm

Uncertainty source

Uncertainty %

Efficiency calculation
The 19°Tm(n,2n)18Tm cross section
The total 2n events for Nb
The total 2n events for Tm
The total 2n events for C
Total

0.11
5
0.56
0.61
1.56
5.38

* Based on Co

Uncertainty source

Uncertainty %

Efficiency calculation
The 2°Co(n,2n)°8Co cross section
The total 2n events for Nb
The total 2n events for Co
The total 2n events for C
Total

0.11
0.95
0.56
0.59
1.56
2.56
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Results and uncertainties
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Summary

» Develop a spherical 3He tubes array detector, which has an flat
efficiency in interesting energy range and find that this type of
detector is suitable to use at(h,2n) reaction cross-section
measurement.

* Provide the new experiment data for 3Nb(n,2n)?29*"Nb cross section
with the least uncertainty.
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Our research team
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Colleagues taken part in this experiment
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Backup spare
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