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Analysis of the Uncertainties of the RIL-TUD

Fusion Cross Section Measurement employing the TCflPM

R Arlt and H G Ortlepp

Technical University of Dresden, GDR

1 Introduction

Absolute fission cross-section measurements at fixed neutron energies of

2 6, 8 5 and 14 7 MeV are being performed at the Radiuminstitute Leningrad

(RIL) and the Technical University of Dresden (TUO) employing the time corre-

lated associated particle method (TCflPM) [1] The number of neutrons reach-

ing the fission target is determined by counting the charged particles (N )
AP

associated with these neutrons due to the kinematics of the neutron producing
3 4

reactions [D(d,n) He or T(d,n) He] The fission events (N.) are counted

in coincidence with the associated particles only, since more neutrons than

the associated paticles reach the fissile layer (Fig. 1) The fission cross

section is given by the formula

= f

•V"

where n is the number of fissile nuclei per cm . The sources of uncertain-

ties in N. and n are common with these of other methods of fission cross-

section measurements, where fast fission chambers are used. The uncertainty

of N , however, is connected with the special conditions of the TCflPli

Uncertainties Common With Other Methods

2 1 The Fission Chamber Inefficiency

A certain inefficiency of the fission chamber is caused by fission

fragments which uiere absorbed in the foil or did not leave it with suffi-

Fig. 1 Scheme of the TCAPM

B-deuteron beam, NT-neutron producing target, O-aperture, ftPO-

charged particle detector, FT-fission target.
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Fig. 2- Amplitude distribution of the fission chamber current pulses,

obtained with th« help of a fast stretcher.
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cient residual energy to be accounted for A straightforward procedure

for the calculation of the fraction of lost events is commonly used.

The low-energy tail of the fission chamber pulse height spectrum

caused by near plane events is extrapolated to zero pulse height After-

wards, the total absorption considering the

- factor
2R

(t is the thickness of the deposit, R the range of the fission products),

the anisotropy and the momentum transfer is calculated The low

energy tail of the pulse height spectrum cannot be measured down to zero

pulse height due to the alpha activity of the deposit Therefore assump-

tions have to be made for the part superimposed by the alpha spectrum

White , for example, obtained a linear increasing tail in a full

energy absorption chamber In the TUO and RIL measurements, AE fission

chambers are used and flat tails are observed (Fig 2). A theoretical

estimation of the residual energy distribution of neai—plane fragments,

assuming a proportionality of the energy losses,

dx

to the square root of the energy (E)

— ~ IT
dx

for fragments with mean mass and energy values is shown in Fig. 3 In AE

chambers a smaller fraction of the tail is recorded than in the full

energy chambers Thus the difference in the slope can be understood

The systematical error of a linear extrapolation of the tail to zero can

be estimated to be less than 0 5X for a 0 3 mg/cm foil for the experi-

mental conditions of the RIL-TUD experiments The J~E-law, however, is a

poor description of the fission fragment stopping power, especially in

the last part of the fission products path It can be shown that when

Fig 3- Qualitative estimate of the residual energy distribution of frag-

ments of same energy and mass, emitted isotropically from an ideally

flat layer of t = 0 05 R thickness A - fraction, appearing in a

differential chamber as plateau, B - plateau region for a full

energy chamber

MeV

Fig 4 Possible systematical error due to the ionisation defect.

10*

<

o- 10
</)

I 101

ASSOCIATED ALPHA PARTICLES

-THRs/\

••• /

\ \

.• -BACKeROUND

-

PROTONS
FROM D(d,p)T

— ' -

1 I I ™1 _

CHANNELS

Fig 5 Pulse height spectrum of the AP-channel in the 14.7 MeV experiment

The background was taken with a non—tritium loaded target
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employing a more realistic expression for the stopping power

systematical error of the linear extrapolation should become less

[6] the

It has to be stressed that the measured pulse height distribution

depends not only on the chamber design but also on the method of the

analogue processing of the spectrometnc pulses Several open questions

are connected with the total absorption correction The mean fission

fragment range depends on the chemical composition of the layer which is

not exactly known in many cases A difference of 0 2% in the absorption
2

correction can be estimated for an h = 0,3 mg/cm foil thickness

between IK)!;4-1 and U,o£ ̂ The usually unknown surface rough-

ness leads to an increase of the absorption loss too Using the notation

used in , the absorption loss increases by 0 5% for a foil of 0 3

mg/cm if a "roughness" of 0 5 h is introduced

The lonisation defect is an additional effect which may lead to an

inrease of the inefficiency In the last part of the flight path the

fragments are slowed down mainly by nuclear collisions without lomsa-

tion Therefore the pulse height scale is shifted, compared with the

energy scale, by about 5 MeV A rough estimation assuming the lon-

lsation to be switched out and the nuclear stopping switched on at 5 MeV

residual fragment energy gives a 1% efficiency loss for this worst case

estimation (Fig 4). The nuclear stopping exceeds the lonisation loss

only below about 2 MeV but is present up to about 20 MeV As a

result the energy scale is contracted up to about 20 MeV, thus increasing

the plateau height Therefore the above mentioned systematical error due

to the lonisation defect should be compensated partially because for the

extrapolation to zero pulse height a higher number of events per channel

is used A proper theoretical calculation and experimental investigation

of all effects determining the inefficiency seems to be a rather complex

problem Consequently, besides the detailed treatment of all these

effects, direct measurements of the total inefficiency employing diffe-

rent methods so as coincident fission product - nputron counting, angular

distribution analysis or mixed source alpha/fission product counting are

strongly suggested

2.2 Alpha-Counting of the Foils

The TCAPM requires the areal density of the fissile layer only, but

not its total mass Determinations of the areal density are carried out

at the RI Leningrad with an uncertainty of 0.5—IX. Several low geometry

counting systems using two apertures for the determination of the geo-

metric factors are employed Measurements with different apertures in

front of the foil allow the estimation of the inhomogeneity From dif-

ferences greater than the statistical uncertainty a further contribution

to the overall error, mostly in the order of 0.5% is estimated by compar-

ing neutron cone topography and inhomogeneity. It turned out that the

errors of the target parameters were one of the most serious limitations

for the further improvement of the accuracy of the fission cross section

measurements of the RIL-TUO collaboration. Independent measurements of

the areal density and the inhomogenuity on specially selected reference

foils are suggested to be performed in different laboratories Thus, a

lntercomparison of geometric factors could be achieved, leading to more

accurate foil parameters. At the TU Dresden a low geometry counter with

several different apertures and a scanning setup were constructed to get

a second independent set of foil data Preliminary results agree with

the RI Leningrad values within the limits of uncertainty

2 3 Accidental Coincidences

The coincidence resolution time determined by a fast coincidence

unit was 10-20 ns in the measurements carried out at the TUO The random

coincidence rate amounted to some percent of the true events The time

distribution between the fission and associated particle signals was

taken in order to determine the background of random coincidences. A

signal wa3 derived from the AP-detector containing both the fast timing

and the slow pulse height window information in order to obtain one ran-

dom coincidence correction only For this purpose special electronic

equipment was developed for fast pulse height processing The

uncertainty of the random coincidence correction is well below the stat-

istical uncertainty of the true events
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3 Neutron Flux Uncertainty for the TCftPW

The counting rate of the associated particle detection system differs

slightly from the nputron flux reaching the fission foil Therefore several

small corrections must be applied to account for AP-detector background, scat-

tering of incoming and associated charged particles, and neutron scattering

3 1 Background of the ftP-Detector

Three different methods are used to detect the associated particles

in the 2 6, 8 5 and 14 7 MeV set-ups During the development of the

detection systems the main effort was concentrated on the background

minimization and the determination of the appropriate corrections and

their uncertainties At 14 7 MeV the use of a plastic scintillation

detector in connection with a differential discriminator provides the

separation of the alpha peak from the proton and triton ones arising due

to the self-target build-up The background caused by neutron and gamma-

rays was 0 3% (Fig 5) with an uncertainty of less than 0 IX

In the 2 6 MeV experiment the He-particles had to be separated

from the tritons and protons caused by the D (d,p) T reaction The back-

ground underlying the low energetic He pc>ak was determined applying an

Al-foil in front of the silicon surface barrier detector sufficient to

stop the He's, but not the tritons and protons (Fig 6) The back-

ground correction due to the low energy tails of the triton and proton

peaks was 2 4% with an estimated uncertainty of 0 5% In the 8 5 MeV

measurements the associated Helions were detected by a A E - E -tele-

scope to distinguish them from the alpha background in the same alpha

peak in the particle identifier output spectrum was determined by replac-

ement of thp deteriorated polyethylenp target by a non-deteriorated one

(Fig 7) The appropriate correction was in the order of 1-3%, depending

mainly on the quality of the uspd £ E detector with an uncertainty of

less than 0 5% Fffective pile-up rejection is employed in all cases in

order to reduce spectrum distortions due to undetected pile-up to a value

less than 0 IX
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Fig 6 Background determination in the 2 6 MeV experiment by stopping the

He particles The higher energetic proton peak is not shown
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Fig 7 Particle identifier output spectra for CD and CH foils in the

8 5 MeV experiment TF particle window

Fig 8 Calculated and measured cone profiles in the 2 6 MeV experiment
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3 2 Scattering and Straqqelinq of the Incoming and the associated Particles

The neutron cone profile and the neutron energy distribution are

mainly determined by the geometrical conditions and the slowing-down of

the incoming deuterons and associated particles along their path in the

neutron producing target Both distributions were calculated and the

neutron cone was scanned experimentally A comparison of the calculated

and measured neutron cone profiles (Fig 8) shows that the influence of

the small angle multiple scattering and the energy straggeling is small

compared with the factors mentioned above As for the determination of

the fission chamber position in all experiments the measured neutron cone

profiles were employed usually and no corrections for the broadening of

the neutron cone had to be performed In the 2 6 MeV case however the

probability of large angle Rutherford scattering cannot be neglected due

to the low helion energy A helion emitted originally in another direc-

tion, can reach the AP detector after a scattering act This leads to

diffusely distributed associated neutrons far away from the cone, which

cannot be distinguished from the background experientally within reason-

able measurement time A Monte Carlo simulation showed the necessity of

a 0,5-1% correction with 0.5% uncertainty as a preliminary result

3 3 Neutron Scattering

The calculation of the neutron scattering correction was performed

at the RI Leningrad The uncertainties are in the order of 0,2-0,4%

The Total Uncertainty

In the 14 MeV region several groups reached the 1% level with excellent

an agreement of their results (see for example and the references

therein) This fact, however, should be estimated not too optimistically,

because the same method - TCAPM was used by all groups Similar methods for

the theoretical calculation of the fission chamber inefficiency, which can be

connected with systematical errors up to 1% had been employed in every case

Since the TCAPM seems to be the only method giving a 1% uncertainty this

approach has to be investigated very carefully in order to exclude unidenti-

T81
fied sources of systematical uncertainties. At the TU Dresden, 8 5 MeV

1-9]

and 2 6 MeV measurements standard deviations of 2 4% and 1.6% respec-

tively, were reached. These values are determined mainly by the counting

statistics and the uncertainties of the foil parameters
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