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1. Introduction

1. DDX data is important in

Neutron shielding

Data evaluation
Model verification...

2. Few measured data available,

especially at the energy region between
8 and 14 MeV and above 20 MeV
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The aim of this work

1. Enrich the measured data, fill up the
data blankness in 8---14 MeV region
and above 20 MeV

2. Checking and improving model
calculation and evaluation
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2. Experimental facilities at CIAE

ﬁﬁﬁﬁﬁﬁ

TOF spectrometer

HI-13 Tandem
accelerator
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The neutron source

5—40 MeV neutrons by p-T, d-T and d-D reactions.
Pulsed and continuous available.

Deuterium and tritium gas target were employed.

4 Tritium gas target

3 10,
i | | I— s ° Deuterium gas target
: B T SO s
T‘? 8 without helium gas
— T, ™ cell.

FIG. 2. Cross-section view of the tritium gas cell system. The
labels indicate (1) tritium gas cell, (2) Mo foil, (3) indium O-ring,
(4) rubber O-ring, (5) gold beam stop, (6) *He gas cell, (7) tritium gas
tube. (8) *He gas tube, (9) Ta diaphram. and (10) electron suppressor.
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Fast Neutron TOF
spectrometer at
CIAE

3 BC501 A neutron detectors
(©180 x100 mm)

One stilbene monitor ( ®30 x30
mm)

Flight path: about 6 m
Detection angle: 15-155 deg.

Threshold: about 1.5 MeV
neutron

lization: n- eri
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Fast Neutron TOF Spectrometer
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An abnormal ToF spectrometer was developed to

eliminate the influence from breakup source neutrons at
8-14 MeV region
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Difficulties for DDX measurement at 8 --- 14 MeV

e The commonly used sources in =t ;
this energy region (d-D, p-T) are s
not mono-energetic. -'

e The low energy part of the
measured DDX will be _
contaminated by the neutrons
Induced by breakup neutrons. _
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Methods used to solve this problem

. Use H(t,n) source, LANL
(D.M.Drake et al., Nucl. Sci. and
Engineering, 63 (1977) 401)

. Monte-Carlo method to e
correct the data, PTB (Nucl. Instr.
and Meth. in Phys. Research A 545 - Q = -1.609 MeV’
(2005) 658-682) 5 o-asomer |

. Abnormal TOF spectrometer, e R b
CIAE ~=——  TOF (ch)
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method in CIAE
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The detection efficien cy([wwmw, i

1. Light output function has been calibrated in the neutron
energy range 1 - 30 MeV.

2. The neutron response and detection efficiency were simulated
by the NRESP50 and Scinful codes.

3. Corrections of the efficiency have been made via comparing
the measured and calculated response spectra.

4. The uncertainty of the efficiency: about 3% (2 - 30 MeV)
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Data analysis

A realistic MC
simulation
procedure was used
to correct the
measured data.

The simulated TOF
spectra can be
directly compared
with the measured
ones.
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3. DDX measurements ([wqﬁ"ﬁﬂ%—“ﬁm
accomplished at CIAE

Energy Sample

8 MeV 6.7, Fe. Be

10 MeV 6,7Li, Be. V. 238U, 209Bj, Fe
20-30 MeV Be (22 and 25 MeV)

The following shows some examples:
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Fig. 22, Comparson of angle-integrated DDX (emission spectra) of vanadium measured at PTB (histogram, Eg = 1021 MeV; thick

lines: DDX. thin lines: uncertainty band) and at CIAE (squares: normal geometry, circles: abnormal geometry, Ep = 10.26 MeV: group
data plotted as point-like data for better visibality).

Detailed comparison of Vanadium data at 10 MeV obtained with
this method with the data measured at PTB
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Fig. 23. DDX of vanadium measured at PTB (full squares, Eg = 10.21 MeV) and at CIAE (open circles, £q = 10.26 MeV) for difterent

intervals ol emission energy F£: the curves are fitted Legendre polynomial expansions.

Detailed comparison of Vanadium data at 10 MeV obtained with
this method with the data measured at PTB
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Detailed description and comparison of the CIAE
method and PTB method are summarised in:

Nuclear Instruments and Methods in Physics
Research A 545 (2005) 658-682

Such comparison is useful to tell us what is
advantage and disadvantage for the two complete
different methods and to give hints of how to improve
the methods.
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Be at 22 MeV
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1. In general good agreement with N.OLSSON's data, indicate that their
data are also contaminated with continuum part.

2. Subtract the continuum part correctly is difficult, in this work the
theoretical calculation was used. The DX data at large angle will be
Influenced greatly.
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The elastic peak is overlap with the continuum spectrum
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Again, the continuum data will influence the shape and the value of the
determined data.

Lower cross section at small angles of N.OLSSON’s data seems not

reasonable, may be caused by the handling procedure due to bad energy
resolution at small angles.
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In general, the
agreement is fine.

The measured data at
continuum part are
more forward angled
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4. Summary and outlook

1. In the past 15 years, large amount of DDX data at 8-
14 MeV and 20-30 MeV were measured at CIAE.
Using the neutron source developed, combined with
the Normal and Abnormal TOF spectrometers.

2. The usage of the Abnormal TOF spectrometer
eliminate the influence from breakup source
neutrons on DDX data successfully.

3. These data Enrich the experimental data set.

4. The measurements will be continued, especially on
light nuclel.
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