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Thulium (Tm)

» One of the rarest of the rare-earth elements.
» Natural abundance: 100% %°Tm.

» Laser material.

» X-ray sources (1°Tm)

» Superconducting material.

» Fission product.

» High neutron absorption cross section.
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The neutron total cross section of 1°Tm

v' Few experimental data exist in EXFOR, with missing data between 5 keV and 1 MeV.

v’ Significant discrepancies among evaluated data in ENDF between 1 keV and 100 keV.

v" No evaluated data exist in CENDL 3.2.

Cross Section (barns)

69-TH-169(H, TOT)
10-10 10-5 1

T T T T T T T r : . -

109

102 |- iR
I
|

LR — |
1 -
10-2 F
1 L s L . 1 L s N 1
10-10 10-5 1

Incident Energy (Mel)

109

102

10-2

| ENDF | o e P

|| Select data for plotting [all) [none)

~|@n 1) 69-TM-169(N,TOT), SIG
1998 Y.Danon, 13725025
1972 H.Tellier, 20125002
1972 W.Dilg, 20583023
1971 C.Cansoy 20174005
1971 D.G.Foster Jr, 10047073
1970 K.Knorr, 21498010
1967 R.L.Zimmerman, 30224013
1967 R.L.Zimmerman, 30224014
1956 E.G.Joki, 12111003
1956 E.G.Joki, 12111002
1955 J.A Harvey, 11912037
1953 H.L Foote Jr, 12107003

_| ¥n 2) 69-TM-169(N,TOT),,SIG, MXW
1935 JR.Dunning, 12634059

1979 M.Adib, 30906007
|+ 4) 69-TM-169(N,TOT),,SIG,,SPA

1980 V.P.Vertebnyy, 40839004

4|7} 5) Use my data [example][2]

+|fuse my control file [init] [help]

See: plotted data (1411Kb) out: 6 json:+ plotly2

Incident Energy (Mel)

Cross Section
| Find and add to the plot|
10-6 10-4 10-2 1 Ee P
2 l : ' | -| Select data for plotting [all] [none]
[%s 1) ENDF/B-VIIL1; TM-169(N,TOT)
109 - J1pa e 2) JEFF-3.3: TM-169(N,TOT)
; 3 [ 3) JENOL-5: TM-169(N,TOT)
- ] 4) BROND-3.1: TM-169(N,TOT)
s 5) TENDL-2023: TM-169(N,TOT)
4|7} 6) Use my data [example][2]
E +|#3Use my control file [init] [help]
g See: plotted data (8030Kb) out: e6 json:+ plotly2
c
-]
be)
o
o
v
"
"
=
&
o
0 N
1kl 1 1 1 1
10-6 109 10-2 1




O 2 Experiment




Experiment 8,3 NERFEENZ AR

Eg'ﬁf CHINA INSTITUTE OF ATOMIC ENERGY

Principle and method

y

A

v' Transmission method is the most commonly P
used technique for neutron total cross- o -
¢ : x : (1)
section measurement. - -
v’ The absolute neutron flux and detection :5:
efficiency are not required. < "
v Time-of-flight method can be used to do @ Nox
[9_ Nofar  T=2=e
determine incident neutron energy at a 9 )
pulsed neutron facility. Ing=-Nox+c | In(T)

_________________________
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The experimental setup

v’ Back-n facility, with Thulium samples installed in ES#1 ( ~¥57 m) and a wing-shaped lithium
glass scintillation detector installed in ES#2 (~ 77 m).

v' Two-Bunch mode @ 160 kW, with ¢ 3-15-40 mm collimators.
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Wing-shaped lithium glass detector

v' Li-6 glass was used for its smooth shape of the detection efficiency curve.

v The wing shape was designed to protect the PMTs from being blinded by the y-flash.

v’ A Li-7 glass was used to evaluate the background of the Li-6 glass induced by the y rays.

v" Coincidence measurement was used to reduce the counts of dark noise of the PMTs.

Li Glass
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[

The detection efficiency of the wing-shaped detector and the response of Li-6 and Li-7

glasses to the Back-n neutron beam were simulated with the Geant4 toolkit.
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The Pu-C neutron source and gamma-ray source were used to test wing-shaped lithium

detector and determine its response to neutrons and y-rays.
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Samples and filters

v" Two 1%°Tm samples with different thickness were used in this work.

v The 1%9Tm samples were installed in the LPDA chamber and can be inserted into and
withdrawn from the neutron beam remotely.

v A Cd filter was used to absorb neutrons with energy below 0.3 eV.

v’ Ta and Co filters were used to evaluate background with “saturated resonance method”.

169Tm 1# 60.34+0.05 0.51+0.003 >99.95
169Tm 2# 60.37+0.11 4.43+0.022 >99.95
1817, 100+0.5 1.0£0.05 >99.90
59Co 100+0.5 1.0+0.05 >99.90
natCq 80+0.5 1.0£0.05 >99.90
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Data acquisition

v' DT5730B (CEAN s.p.a) with 500 MS/s sampling

rate and 14-bit resolution was used in this work.

v’ Three signals were sent to the DT5730B: TO
trigger, anode signals of the two PMTs.

v The waveform code was used to record all the
signals above threshold, which was 10 mV in

this measurement.
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Data reduction

v’ Extract energy and time from waveforms;
v" Normalization;
v Dead time correction;

v’ Background subtraction.
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Background

» There is always background in the measurement, more or less.
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There were mainly two kinds of backgrounds in this measurement: activation and in-

beam y-rays.
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Transmission

» Neutron energy was determined via:

En

2
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> Transmission was determined via:
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The measured cross section of 1°Tm(n, tot)

v’ The average total cross sections of ®*Tm
were obtained in the energy region
between ( 1-110 ) keV.

v The uncertainties in the transmission are
less than 3%.

v The uncertainties in the neutron energy
are less than 0.5%.

v’ This result agrees well with the evaluated

data of JENDL-5.
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The theoretical cross section of 1°Tm(n, tot)
TALYS-2.0 was used to calculate the neutron total cross section of 199Tm. With some

minor adjustments of the default optical parameters, the calculated cross sections were in

good agreement with the experimental data.
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The resonance parameters analysis is still in progress
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Thanks for your listening!
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