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Abstract

A neutron spectrometer system is proposed primarily

for measurements of ion temperature and density and ion beam

energy distribution in extended fusion plasmas like e.g. in

JET. Three different spectrometers are involved: time of flight,

proton recoil and He. Energy resolutions of a few percent

both for DD and DT neutrons are provided. Six order of magni-

tudes in flux ranges will be covered by the system when

employing multi-target systems.

A neutron collimator and shielding system will be

desirable in order to obtain relevant information. Due to

the entire differences in energy and fluxes for DD and DT

plasmas a flexible collimator-shielding system is recom-

mended.
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In the present study we Investigate the possibility to use
instruments developed in the research field of fast neutron
physics during the last decades for neutron diagnostic measure-
ments of extended fusion plasmas like e.g. in JET. Previous
measurements were performed on point neutron sources with a
rather modest intensity. On the basis of known technique it
is now the task to make an extrapolation to an extended and
very intense neutron source with the energies 2.5 MeV from
DD reactions and 14 MeV from DT reactions, in order to ac-
complish that difficult goal there is a need for development
work on detectors, shielding and data taking and handling
systems. It is rather evident that the experimental equipment
must be kept flexible until it has been tested either on an
intense neutron source or better on the JET source itself.

There are a number of neutron diagnostic systems that can be
recommended for JET, i.e. the activation method, flux monitors,
reaction rate profile measurements and neutron spectrometers. In
this design study only neutron spectrometers have been taken into
account for diagnostic work on the basis of the knowledge and
experience In that research field received during the last 20
years at the Studsvik laboratory. Thus the following neutron
spectrometer systems are proposed: a fast neutron time of flight
system based on a hydrogeneous simultaneous scatterer and detector
and a scintillation detector to observe the scattered neutrons,
a proton recoil spectrometer consisting of a thin polyethene foil
together with a Si(Li) detector to observe the recoil protons
(foil and detector enclosed in vacuum) and a He spectrometer.
The time of flight spectrometer is the roost complicated system.
However, good energy and spatial resolution can be obtained with
this method. A large problem is to get scintillation detectors
capable to work at very high counting rates. A massive shield is
necessary when using this system as well as the others mentioned.
The proton recoil together with a Si(Li) detector is probably the
simplest system. It has a good energy resolution, it Is easy to



shield and it is easy to calibrate. The main drawback is the

low efficiency. The He detector is probably only useful for

DD-neutrons because of the complications introduced at high

neutron energies, i.e. from the DT process, due to the

distortion of the spectrum.

In the following a description is given of the expected

neutron spectra, proposed systems as well as results obtained

from calculations and experimental investigations.



2 Nteutron^BmissionanäEnergYDistribution

2.1 Emission Rate

(i) Maxwelllan plasmas.

The fusion reaction rate of a Maxwellian plasma is strongly

dependent on the ion temperature T.. Approximative expressions

for this are given in Ref. [13. Thus for a pure deuterium plasma

the reaction rate is

Rpjj « 1/2 nD
2 2.33 x l(T14 Ti"

2/3 expl-lS^eT^^lcnf 3 s"1 (1)

and for a mixture of deuterium and tritium

"12 T^2'3 [«xp -19W^ 1' 3] cm"3 s'- nD i^ 3.68 * 10"
12 T^ 2' 3 [«xp - 1 9 . W ^ 1 ' 3 ] cm"3 s'1 (2)

where T, is in keV, and nD and n« refers to the densities of

deuterium and tritium ions respectively. Consequently the ion

temperature of a Maxwellian plasma may be determined by estimating

the neutron emission rate provided the ion densities are known.

(ii) Beam-plasma interaction.

The reaction rate for neutrons resulting from reactions

between the rotating beam and the plasma ions has been calculated

for a fe-« cases. For ion temperatures T,< 5 -8 keV the dominating

contribution comes from beam-plasma interaction/ but for larger

TA the plasma-plasma neutrons seem to dominate (in the DD case).

The beam-plasma reaction rate increases strongly with beam energy,

less strongly with increasing ion and electron temperature and

is proportional to the product of the beam and plasma densities.

2.2 Neutron Source Energy Distribution

2.2.1 M§xw§!lian,._Plasmas

In a Maxwellian plasma the center of mass velocity together



with the relative kinetic energy of the reacting ions, will cause

a broadening and a shift of the neutron energy distribution

(Ref. [2 - 6]). This distribution can to a good extent be approx-

imated by a Gaussian (Fig 1). When the ion temperature is much

smaller than the reaction energy released, the shift is much

smaller than the broadening which is equal to

AE « 82.5V~f7(keV)'n i

for a deuterium plasma and

AEn m 192 \'Ti(keV)' (4)

for a deuterium-tritium plasma in terms of FWHM in keV. In Fig. 2

the broadening is drawn as function of ion temperatures for

deuterium and deuterium-tritium plasmas. Because the ion average

temperature in large fusion experimental devices e.g. JET, prob-

ably will be of the order of 3-7 keV, the corresponding broadening

will be larger than 140 and 330 keV respectively.

2.2.2 Bgam-Plasma_Interactign

(i) Monoenergetic beam.

A deuterium beam injected into a deuterium or tritium plasma

will induce neutron production both by beam-beam and beam-plasma

collisions, Ref. [7]. A one-dimensional model has been used for

calculations of the neutron spectra from beam-plasma inter-

actions. As the energy of such beams are of the order of

30-150 keV the neutron energy will be shifted significantly.

In Fig. 3 these shifts are shown for a deuterium beam with

a delta energy E. , rotating in a deuterium and tritium plasma,

for three different directions.

Due to the finite ion temperature and increasing fu-

sion cross-sections the neutron energy distribution is not a



delta function but constitutes an asymmetric function around

the peak value. In particular this is pronounced in cases

where the ratio Ti/Eb is large, i.e. of the order of 0.3,

This is illustrated in Fig. 4 showing calculated results of

four one-dimensional D-beam D-plasma cases. The beam energy

is 30 keV and 120 keV and the ion temperature 0.1 and 10 keV

respectively. It is seen that a high ion temperature causes

a significant broadening in the neutron energy distribution.

Also an energy shift is observed.

(ii) Steady state beam distribution.

C When a neutral beam utilized for auxiliary heating is in-

jected tangentially or almost tangentially to the plasma cur-

rent in a torus, the atoms will be ionized and their energy

degraded. Under steady state conditions the beam particles

will form an energy distribution similar to that in Fig. 5

(Ref. [15]). In case the beam consists of deuterium atoms and

the plasma of deuterium or tritium ions there will be a signi-

ficant amount of neutrons produced. The expected neutron spectra

for such cases are shown in Fig. 6 for a beam-plasma inter-

, action with the injected beam energy equal to 120 keV and the

•, beam distribution in agreement with Fig. 5. Due to the peaked

"; distribution near the injection energy E, and the increasing

fusion cross-section with energy, the neutron distribution is

strongly peaked with an energy corresponding to E b both in DT
:- and DD cases. We note here, that the broadening in the neutron

energy spectrum, as a function of the ion temperature, is not

as significant as for thermonuclear neutrons.

The transfer rates of the energy and momentum from the fast

; ions to the plasma depend in a large amount on the electron

temperature Ref. [7]. This influences the slowing down process

and causes different beam energy distributions as shown in

Fig. 7, where the energy distribution is an average over all

pitch angles. Evidently there is a difference in the beam

energy distribution which is strongly reflected in the correspond-

ing neutron spectra. The expected neutron energy distributions

are drawn in Fig. 6 for different electron temperatures.



2.3 Degraded Neutron Spectra

The neutrons emitted Inside the plasma are expected to be

energy distributed in accordance to Sec, 2.1. However, the

existence of structure material, magnets and other materials in

the vicinity, will cause neutron energy losses due to (n,n),

<n,n') and (n,xn) reactions and consequently the spectra will be

degraded. Some preliminary calculations have been done with a

multigroup transport code ANISN, Refs. [8] and [9J. The plasma

geometry considered is a simple infinitely long cylinder

with the minor plasma radius equal to 170 cm. This is sur-

rounded by concentric shells made of stainless steel and copper

with thicknesses of 1C and 20 cm, respectively. This arrangement

corresponds to an average of the vacuum vessel and materials

surrounding the plasma in the JET machine, Ref. [lo]. Figs. 9:1-

9:4 show the neutron fluxes for a line source in the center of

the cylinder for neutrons with energies equal to 2.5 and 14 MeV.

The group-width used in the calculations is much broader than

the widtns discussed in Sec. 2.7. for the source neutrons, why

no conclusions can be drawn concerning the distortions of the

high energy parts. Howevor, at low energies (below 0.5 and 1.5

MeV respectively) the flux is oi: the same order or larger than

at source energies. This is of importance for cases of saturation

when designing a diagnostic Instrument.

2.4 Future Work

The models utilized in Sec. 2.2 are spatially independent

and restricted to one dimension both concerning the beam and

plasma distribution. Furthermore the plasma is restricted to

descriptions by Maxwellian distributions. However, due to the

increasing fusion cross-section with energy it would be important

to estimate the neutron spectra caused by non-Maxwellian plasmas

e.g. bumpy tail Maxwellian distributions and degradation of

generated tritium particles. The future work will mainly con-

sist of extensions to calculations of:

(i) spatially dependent emission calculations,

(ii) two-dimensional beam distributions,



(iii) and non-Maxwellian plasmas.

The work will be performed on a theoretical basis and result in

numerically estimated space, energy and time neutron distri-

butions .

The neutron scattering calculations will be complemented

by performing more accurate calculations with Monte Carlo

codes e.g. MORSE which is able to describe three-dimensional

geometries.



3 General Features of The Proposed Neutron Diagnostic

Methods and System

Below descriptions are given of three instruments useful

for diagnostic measurements and in some cases supplemented by

results from pilot experiments. Systems based on these principal

methods are proposed and the type of information and the main

advantages and drawbacks are discussed.

3.1 Time of Flight Measurements

3.1.1 Methgd_and_Experimental_Results

This method is based on a time of flight measurement

between a neutron being scattered in an organic scintillator DQ

which serves both as a scatterer and a detector and the detection

of the scattered neutron in a scintillator D, located at a

distance A apart from D« and at an angle 4 relative to the

incident neutron beam as shown in Fig. 10. The time of flight

is according to Ref. [6] equal to

T » A/ V
n ' c o s * 15)

and from this the energy of the incident neutron can be deter-

mined provided the scattering angle is known, Ref. [6J. On

the other hand, if the energy is known and well peaked, infor-

mation about the incident angles can be obtained.

In an experimental set up shown in Fig. 10 including a beam-

target-detector system the energy and incident angular resolu-

tions have been measured. The results from these measurements

are presented in Figs. 11 and 12 for 2.5 and 16 MeV neutrons.

Neutrons with an energy of 14 MeV were not available at the time

when the experiment was done but probably the main features are

the same as for 16 MeV neutrons. Energy resolution of about

4% for 2.5 and 5% for 16 MeV neutrons have been obtained. This

corresponds in accordance to Sec. 2.2 to a broadening of the

neutron peak (FWHM) caused by an ion temperature of 2 and 15 keV
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respectively. This energy resolution is obtained at a scatter-

ing angle of about 20°. At smaller <(> the number of direct

neutrons is increased in such an amount with the present geo-

metry that the background makes the observation less reliable.

Fig. 13 shows a picture of a peak for 2.5 MeV neutrons with a

flight path of 3.40 m and at an angle of 20°.

At low temperatures the neutron flux is not sufficient

for good statistics but there are still motives to have good

energy resolution. In the first place the beam-plasma inter-

action will induce (as mentioned in Sec. 2.2.2) a large number

of neutrons which is much larger than the number of thermo-

nuclear neutrons, and consequently by providing a good energy

resolution the beam energy distribution might be determined.

Secondly, a good energy resolution will improve the accuracy

of the measurements.

The main contribution to the measured half width

in the present set up is the energy broadening in the neutron

source due to scattering of the beam protons in the neutron

source. An estimate gives an instrumental width of 3% for both

2.5 and 16 MeV neutrons.

Incident angular resolutions have also been measured and

the result is presented in Fig. 14. It is obvious that the best

resolution is obtained with a scattering angle of 50°. For

distances of about 2.0 m from the center of the plasma to the

detector DQ, this corresponds to a radial resolution of about

10 cm for both 2.5 and 14 MeV neutrons.

In the experiment performed up to now a counting rate of

15 c.p.s. has been achieved. In order to obtain good spectra

probably a few hundred counts are necessary. In the actual set up

the background in D.̂  is too large (10 times the system counting

rate) why the spectra becomes distorted at a counting rate of

3 x 10 c.p.s. in DQ. This background is probably due to large

gamma fluxes which can be reduced by (n,y) discrimination. How-

ever, the counting rate so far achieved in the system (15 c.p.s.)

is comparable with the results reported for He spectrometers
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[13, 14]. The total efficiency at lower counting rates has
— 5 -2been a few tiroes 10 cm for 2.5 MeV neutrons and a few

-7 -2times 10 cm for 16 MeV neutrons. However, for the t.o.f.

system used so far neither (n,y) discrimination nor high count

rate detectors have been used.

3.1.2 Progo§ed_Tirne_gf_F light _Sys tern

On the basis of the experimental results described in

Sec. 3.1.1 we propose a time of flight system for plasma

neutron diagnostics. The aims are:

(i) to measure the energy distributions of the neutrons

according to formula (5) with a resolution of 2 per cent,

(ii) to measure the incident angles of the neutrons according

to formula (5) and from this draw conclusions on the

emission rates as a function of the minor radius, pro-

vided the neutron is known and well peaked.

The system suggested is outlined in Fig. 15. It consists

mainly of a collimator and three different detectors named D»,

D, and D_ supplemented by a data acquisition system. The colli-

mator has the shape of a vertical slit with the dimensions

30 x 3 cm and a length of at least 1 m. Because of the small

counting rate window discussed in Sec. 3.1.1 detector DQ has to

consist of several movable fast plastic scintillators. As soon

as the counting rate in one of the scintillators exceeds a pre-

scribed value e.g. 10 c.p.s. it is replaced by a smaller one.

As a guide one scintillator size for each two orders of magni-

tude in the neutron flux is needed. This means that during one

discharge with predicted parameter values 2 to 3 different

scintillator sizes are needed. However, in order to cover all

kinds of plasma parameters 3 to 4 scintillators are necessary.

When having the requirement that a good spectrum (*200 c.) will

be obtained during one second the neutron flux range covered
4 8 —1 —1

is from 10 - 10 n cm s . The locations for all scintillators

must be controlled individually by a preprogrammed procedure

which is steered by the counting rates. The scintillator volume

ranges from 0.5 cm to 100 cm .
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Detector D, is used for measurements of the neutron energy

and should be movable between the discharges in order to adjust

the accuracy and counting rates. It consists of a number (10 to

15) of fast liquid scintilj-ators with the maximum dimensions

2 x 12 x 15 cm and (n,y) discriminating possibilities. These

dimensions will provide a dynamic range up to a factor of 50

with DQ as one single scintillator. Conventional technique with

pulse shape analysis is going to be used when discriminating y

from neutrcn-events in D,. Previous measurements give the best

resolutions at scattering angles of about 20° which is suggested

for this device. However a possibility to vary the angle within

about 5 degrees would be valuable.

Provided the energy of the neutrons is well known and

assembled around a few distinct peak values, it is in accord, ce

with (5) possible to determine the incident angle by measuring

the time of flight. In order to achieve this Information another

detector D- will be used. It is situated below the equatorial

plane at a scattering angle oi about 45°, and consists of a number

(4 to 6) of scintillators with the same dimensions as those in

D,. Also here conventional pulse shape analysis is utilized to

discriminate Y-pulses. With a flight path of about 200 cm and a

collimator angle of 20° neutrons with an energy of 2.5 MeV are

well separated in flight time from those with 14 MeV energy.

Thu» provided the background flux of scattered and energy de-

graded neutrons is negligible compared to direct neutron flux

it will be possible to measure the spatial ar.d time dependence

of both DD- and DT-neutrons from a DD-plasma. The spatial reso-

lution of this system is estimated to 10-15 cm according to the

experiments in Sec. 3.1.1 and its time resolution of the

order of one second.

The main advantages of such a system are:

(i) good energy resolution («2%) for both DD- and DT-neutrons

also in case of low flux rate i.e. 104 n cm"2 s"1 and

3*10 n cm s respectively.



(ii) good energy spectra with.tr one second,

(iii) radial resolution of about 10 cm,

4 8 -2 —"!(iv) the system covers a dynamic range from 10 - 10 n CT, S '

with constant energy and spatial resolution,

(v) the dynamic range can be extended by permitting an energy

resolution of 10 per cent,

(vi) In-the case of large production of DD-neutrons i.e. hiqh

ion temperature T, > 7 keV or beam plasma fusion reaction

the tritium production will be significant as seen in

Sec, 2.2.1. This will cause a production of DT-neutrons

which will be detected although with a reduced efficiency.

The disadvantages are:

(vii) the colJimator and shielding are heavy and bulky,

(viii) large y-flux can interfere destructively on the large

dynamic range,

(ix) the DQ scintillators have to be exchangeable,

(x) the system is eypensive.

3.1.3

The time of flight technique is completely new in connection

with fusion plasma diagnostics and only partially developed.

Consequently development work is still needed. The immediate

aim is to increase the maximum counting rate in the system

by a factor of 20 - 100 and several measures will be taken:

(i) reduction of the gamma background in D^ by conventional

pulse shape gamma discrimination,

(il) reduction of the scattered neutron flux in DQ by improved

shielding,
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(iii) utilization of differential discriminating of the fast

pulse from DQ. which is expected to discriminate the

proton recoil pulses outside the interesting energy

range with a factor of ten-

(iv) increasing the solid angle of D, by a factor of five

while maintaining 2,/cos <> constant (I is the length of the

flight path and $ the scattering angle).

It is intended to use a conventional beam-solid target

system as a neutron source. In spite of a relatively large

energy spread of the neutrons generated in such a target,

properties acting on the maximum total count rate can be in-

vestigated in detail.

During a later phase of rh<? work the purpose is to test

the instrument at a small Tokamak in current operation. In

case of access to e.g. DITE the counting rate will be about

10 c.p.s. provided tbs peak density is at least 3-10"1 cm""

and the peak ion temperature T, ̂  2 keV. A deuterium injected

beam on deuterium plasma will probably increase the counting

rate tc about 4-10"J - 10" c.p.s.

3.1.4 Extended_Performance

An extension to a two parameter recording system (proton

recoil energy in DQ and scattered neutron time of flight)

might be of interest in the future. The basic information

achieved in such a system [6] is the neutron energy and incident

angle and from this conclusions can be drawn about the ion

temperature, densities and beam--plasrna interaction as a function

of time and space as well. Two different arrangements are possible

for detector DQ for different neutron flux ranges;

(i) One is based on a plastic scintillator like the one de-

scribed in Sec. 3.1.2, which provides photon pulses pro-

portional to the deposited proton energy, which are re-
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corded provided the scattered neutron is detected in D̂

(Ref. f"6l - A suggested electronic system is outlined

in Fig. 17. The useful flux ranges for such a system is the

tame as for the one ^sarawetsr recording system discussed in

Sec. 3.1.2. and shown in Figs, 19 and 20.

(ii) The other uses a thin polyethen foil as a radiator and

an ion detector for detection of the proton incident time

and energy. Simultaneously the time for the interaction

between the scattered neutron and a scintillator like D^

in Sec. 3.1.2. is detected. This arrangement is suitable

for ion temperatures T. > 4 keV for DD-plasmas and

T. >. 2 keV for DT-plasmas, provided the plasma density

n « 3-1013 cm'3.

The collimator and shielding will be designed with pro-

perties suitable for a two parameter recording system.

3.2 Proton Foil Measurement

3.2.1 Background

This method is proposed for TFTR, Rcf. Ill3. Based on

protons recoiled in thin polyethene foils and detected by surface

barrier detectors it will provide an energy resolution down to
—8 —2

2% and the corresponding efficiency is a few times 10 cm for

DD-neutrons and « 5-10" /en-, for DT-neutrona. Because of the low

efficiency for DD-neutrons it is most suitable for detecting

neutrons from DT-plasmas, high temperature DD-plasmas, and D-beam

D-plasma interactions.

h sisiple device with one detector and options for several

foils is under construction, see Fin. 18, The main uncertainty

in energy is caused by the energy losses in the foils. In order

to obtain good spectra for determining the ion temperature and

the beam energy distribution one should consequently aim at thin

foils and a large number of detector». During one discharge and

from discharge to discharge the neutron flux might vary over
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f .'.-.t • i i o r ;

vhy it should be possible to change

-r-vint *:!• ..cknesses even during the

3.2.2

On the basis of the discussions in Sec. 3.2.1 we propose

a recoil-proton system similar to the one proposed for TFTR.

The sygtem has one lov/ resolution and one high resolution channel

and consists of a collirnator, pol ye then foils and surface bar-

rier detect, o i.. . For the low resolution channnel the colliroator

has the same dimensions as In Sac, 3.2.1, At the inner end of

the eollimator there iz a vacuum chamber with a set of polyethen

foil act.irscj as radiators of the neutrons. The thicknesses of

the foils are iroir, 2 UIP UP to 200 UTS and their positions are

individually controlled by a itiicro processor which determines

the- counting rate in the system after preprogrammed values.

The energy of the recoiled protons is measured in surface

barrier detectors located at an angle of 20 from the center

axis an<3 at H distance of 20 cm, for the low resolution channel.

This will provide an enerjy resolution both for DD~ and DT~

neutron?:.; with 20 detectors from 4% to 17%, see Table 1. The

requirements on the neutrrn fluence for good spectrum for
7

DD-neutrons are 10 n cm S -2
and for DT-neutrons 2-10 n cm

A high resolution channel is also planned. It will provide

an energy resolution of about 2% for both DD- and DT~neutrons.

In this case che collitnator must, be either a vertical or horizont

al slit 9 x 2 CJP. or a circular hole with a diameter not larger

than 2 cm w.1 th a col lima tor length of 1 m. The detectors are

situated at a distance :jf 40 cm from the foils and at an angle of

10° from the center line». In order to suppress the background it -

in intended KO •ii:i <ize con>ci c-ence r«qulrtnMint on «v«nt» in one

thin {«• 2~.].0j.i.m) depleted surfac» ban ier <3*t«ctor and one which

will <3«t*ct t'i® r**t of the proton #n?rqy. The rt-quired neutron

flux tor good ap«iCvruA x% %*\<y\r:\\-»n Table 2 for 10 detectors of

dimension 1 x 2 crn2. It .!.•'• **ea that the required flux for DT-

neutrona is about one o^der of jnagnitude smaller than that of
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DD-neutrons. If a circular colliiristor is chosen the detectors

must be situated on a ring symmetric around the center axis.

If on the other hand a slit-shaped collimator is preferred

the detectors must be located along a row parallel to the

slit. In order to nave access to the proton-recoil system

it should be contained in a vacuum chamber which is removable

from its place in the shielding. Following this and having

a removable coiiimator it is possible to adjust the best

energy resolution to the actual plasma conditions. This will

be useful whenever the plasma is conditioned for high tem-

peratures and DT-discharges.

The properties of this system can be summarized as follows,

! the plasma density is n -- 3*10

merit for good spectra is > 200 c.p.s.:

13 ~whers the plasma density is n -- 3-1C cm J and the require-

(i) The system has three different energy resolutions 2%,

£% and 17%.

(ii) The system will provide good neutron spectra with high

energy resolution * 2%_ in the ca3e of a DT-plasma with

an ion temperature above 5 keV and D-beaw on DT-plasma

interactions.

(iii) An energy resolution of <4_% is achieved for DT- and DD-

plasmas with an ion temperature of 3 keV and 10 keV

respectively. Furthermore D-beam D-plasma interaction will

provide a sufficient number of neutrons for obtaining a

good spectra,

(iv) Spectra will be obtained at an energy resolution of 17%

from a 2 keV DT-plasma and 4 keV DD-plasma.

(v) According to Sec. 2.2.1 DT-neutrons from DD-plasma will

cause a significant amount of neutrons and these might be

detected with an energy resolution of 1_7% provided the ion

temperature is larger than *7 keV.
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3.2.3 Further_Develgpinent_Wgrk

The development work needed is limited to measurements of

energy resolution, efficiencies and tests of the control pro-

cess for foil exchange. Limited but important information can

be obtained by means of neutron flux generated by a conventional

beam-target system. However, the properties of the instrument

ha3 to be tested with a collimator and shielding in high flux

environment. For this purpose access to a high flux neutron
-1 •» -,• -3 „ "I

source (10 -10"L n s ) will be of importance in the future

work.

3.3 He Spectrometer

3.3.1 Background

The reaction

n + 3He •> p + T + 760 KeV

provides a technique for measuring the neutron energy by de-

tecting the released reaction energy. Extremely good energy re-

solution (25-75 keV) for fast neutrons ("12, 16] can be achieved,

However, there is one main drawback in connection with high

counting rate required fcr fusion plasma diagnostics. The

cross-section for the reaction due to low energy neutrons and

elastic scattering are several times larger than that of 2.5 .MeV

neutrons. This is even more pronounced at energies of 14 MeV.

This together with a relative long charge collection time

(2 - 10 ys) results in a saturation of the counter at about

10 c.p.s. whereof only a few c.p.s. have an energy of about

3.2 MeV. This has been reported from neutron measurements in

PLT [13] and DITE [14].

Careful shielding with lead against y-rays and lithium

paraffin and cadmium against thermal neutron3 might enable

increases in thu useful count, rate. Due to its larger specific

ionization rate the ^He recoils will cause s shorter rise time

than the reaction events. Consequently by utilizing pulse shape

analysing the count rate cf rf.co.iied He can be depressed.
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Pick up of mechanical background noise can be severe and the

effect must be depressed by using some mechanical material

with attenuating properties.

3.3.2 Proposed He_Spectrometer_SYStein

We propose the use of He spectrometers in order to define

the neutron spectra and from that deduce the ion temperature.

Due to its relatively narrow dynamic range (see Table 1) use of

several spectrometers is recommended. They should be located at

different distances from the plasmas. The use of a collimator

is necessary if spatial resolution of the neutron emission is

desired. Within a shielding with the dimensions of about

4.0 x 2.5 x 3.0 m3 housing He spectrometers with a counting ratio

of about five might be suitable. Furthermore, using proportional

counter with reduced active area will provide a drop of the

efficiency of about a factor of two. Thus the maximum dynamic

range of the system is ten times the dynamic range of one

single spectrometer. When neglecting the background pulses

due to low energy neutrons and gammas the single dynamic range

will be of the order of twenty. Consequently the total dynamic

range will be about 200, see Table 1.

The summarized properties of such a system are:

(i) It provides excellent energy resolution <100 keV for

2.5 MeV neutrons.

(ii) It provides an efficiency times the typical area suitable

for low ion temperature range.

(iii) Provided the background is negligible, the system dynamic

range ratio is about 200, However, background of 9low

neutrons might, due to larger cross section, reduce the

dynamic range significantly.

(iv) Collimator and shielding are needed for depressing the

background and also if spatial resolution is desired.
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3.3.3 Further J>eyelop^ent_Work

Because the main difficulties with He spectrometers are

due background neutron ganma flux and mechanical noise, the

main efforts will be concentrated on the shielding and mecha-

nical issues. However, some improvements in counting ra* *>s

might be achieved if utilizing pulse shape analysis foi sepa-

ration of recoil events from reaction events. This will be

further investigated.

3.4 Summary of the Proposed Neutron Spectrometer Systems

Three different spectrometer systems are proposed for

measuring the fusion neutron spectra. The main reason for

proposing a combination of He, time of flight as well as

proton recoil spectrometers is that the final system must be

able to cover a large range of fluxes for two different energies.

The three different spectrometers will cover different areas of

flux ranges for different energies as shown in Table 1 and Figs.

19 and 20. Time of flight e.g. is suitable for low fluxes of

both DD-and DT-neutrons while the proton recoil system will be-

come suitable in case of high fluxes, especially for DT-neutrons.

Considering DD-neutrons it is clear that for the low flux

level He spectrometers seem to be suitable due mainly to

their excellent energy resolution. However, probably its time

resolution and dynamic counting rate are limited by the restric-

tions mentioned in Sec. 3.3.

Provided the problems in connection with the required high

counting rate in scintillator detectors can be solved, the time

of flight spectrometer with its expected larger dynamic range,

good time resolution and space resolution properties, consti-

tutes an alternative or a complement to He spectrometers.

Since a collimator and a neutron shield will be employed in

any case we propose utilization of both He and time of flight

systems for low ion temperatures. At high ion temperatures

i.e. TA > 10 keV (n * 3«1013 cm""3) the proton recoil system

will provide sufficient counting rates for energy resolutions

of 4 per cent as seen in Fig. 19.
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Whenever D-beams are used for heating deuterium plasmas jJ

the time of flight and proton recoil systems (with energy

resolution of 17 per cent) are suitable for determination of

the beam distribution. In the case of high tritium production,

i.e. high ion temperature deuterium plasmas (Ti » 10 keV) or

D-beam on D-plasmas and provided the tritium confinement time *";

is of the order of one second, hundreds of 14 MeV neutrons ä

will be detected in the proton recoil system in one second js

with an energy resolution of 17 per cent as shown in Fig. 20. ^

With the He spectrometer it will probably be difficult ¥>

to determine the high neutron energy due to distortion caused by
3 '!the recoil spectrum. We therefore suggest to maintain the He

spectrometer in the collimator but rely more on the time of
7

flight and proton recoil systems during the DT phase.

As the requirements on the relative enerfy resolution are ?1

increased and the neutron flux will increase significantly, we

suggest an exchange of the collimator by a circular one with a

diameter of about 2 cm and a length of at least 1 m. Six order

of magnitudes of neutron fluxes will be covered by the two

systems. The time of flight path lengths are 2.5 and 5.0 m

respectively. J-

1



21

4 Collimator and Shielding

Almost independent on which neutron diagnostic system will

be used an enormous radiation shielding must be used.

4.1 Collimator

When time of flight and proton recoil spectrometers will be
used it is necessary to collimate the neutrons in order to achieve
a well defined incident angular definition. Furthermore, whenever
spatial resolution is desired the neutrons have to be collimated.
Requirements on energy resolution for determination of the ion
temperature is more restrictive for DT-neutrons than for DD-
neutrons, which in the former case demands smaller collimators.
The flux however is about two order of magnitudes larger from
DT-plasmas than from DD-plasmas (under the same conditions). These

facts guide us to suggest two different collimators, one larger
2

with rectangular cross-section (« } x 30 cm ) for DD-plasmas and
one smaller and circular shaped (2 cm tf) for DT-plasmas. It should
be pointed out that a crude energy resolution (at the best around
6%) of the DT-neutrons from a DD-plasma still is obtainable with a
larger collimator. With this arrangement the difference in fluxes
for DT- and DD-plasmas is reduced which provides possibilities
to use the same type of instruments with smaller modifications.

4.2 Shielding

The reason for having neutron shielding is mainly to suppress the
neutron flux background in the instruments inside the shielding.
For the time of flight system the background must not exceed a

2
flux of ten fast (En>0.5 MeV) neutrons per cm and second. For
the proton-recoil system it is more difficult to estimate the
maximum flux permitted but the requirement mentioned above
probably is sufficient.
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Positioning of the collimator and shielding system highly

depends on what kind of information that will be given high

priority. Direct determination of the ion temperature and rotatino

beam energy distribution require perpendicular and tangential

view of the plasma in equatorial plane, see Sec. 2. The results

strongly depend on the neutron flux and accuracy in spatial

definition why it is preferable to have the instrument as close

to the plasma center as possible. In case of low ion temperature

discharges this is of even greater importance.

As an illustration a collimator-shielding system is shown

in Fig. 21 in vicinity of the torus and besides one of the neutral

injectors which to some extent will serve as a partial neutron

shielding. This shielding is primary intended for housing:

(i) the time of flight equipment,

(ii) the proton recoil instrument,

(ill) the He spectrometers.

However, other types of instruments like neutron counters can

easily be installed.

Because of its necessarily large mass and consequently large

costs we suggest to build one neutron shielding suitable for both

DD- and DT~neutrons. The collimator however, which mainly is a

piece of material, is a crucial matter and consequently should be

exchangeable. Such an arrangement reduces the costs compared with

two separated systems and maintains the flexibility for adjustments

to the different requirements e.g. different fluxes and energies.

4.3 Shielding and Collimator Structure

The guideline for the size of this equipment is the 100 ton

movable collimator shield proposed for the TFTR diagnostic system.

Moving from the outside towards the center the shield will
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consist of bricks of stainless steel, bricks of paraffin mixed

with Li-CO, (must contain Li with natural isotopic composition),

a cadmium sheet, bricks of lead and close to the scintillator

sheats of copper and tin. This is a typical shielding composition

used at Studsvik for many years giving good signal to background

ratio even for 20 MeV neutrons. The collimator consists of a nose

of stainless steel with a lining of tungsten which is very effi-

cient at high neutron energies. In the JET shield iron can un-

fortunately not be used and the stainless steel increases the

costs drastically. One way to decrease the costs would be to put

in more paraffin and less iron but that would increase the di-

mensions of the shield which is not possible because of the

geometrical conditions around the JET plant. The best way to

optimize the shield would probably be to make calculations of

its attenuation properties as a function of the thicknesses of

the different shield components. This study must take both the

effects of neutrons and y-rays into account. It is recommended

to make the shield flexible for the purpose of optimizing the

experimental conditions.

A mechanical support system which allows the shield to be

moved and adjusted accurately and safely must also be construc-

ted. i?or simplicity to ha.idle such a system it is desirable the

flour to be covered with plane sheets of iron. The shield and

its support should also be remotely adjusted.
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5 Data Handling System

This chapter contains a brief description of the data

handling system consisting of three different parts. These are

data collection, data processing and presentation of relevant

plasma parameters. A general feature is that as soon as an event

in any system is accepted, information about the real time is

stored together with the parameter value of the event. In the

case of time of flight, the flight time and the real time are

stored in a two-dimensional vector i.e. [T(N), t(N)]. In Table 2

a chart over the data flow is shown. A data flow chart for the

extended performance with its two parameter recording (proton

recoil energy and neutron time of flight), Sec. 3.1.4 is shown

in Table 3. It is seen that a conversion to the latter system

can be made with a minimum of modifications.

5.1 Data Collection

I 5.1.1 Time_of_Flight

The time resolution of the system should be well below 1 ns

to avoid extra influence on the energy resolution of the system.

The time value should be obtained in digital form to enable a

convenient storage in a computer memory. The CAMAC Time Digitizer

TD104 (ORTEC) is a suitable unit for this purpose. It has a 200

nsec range with a time resolution of 200 psec which should be

adequate for this experiment. TD104 has provision for up to 4

consecutive stop pulses which could be found useful. The LAM-

signal will indicate when valid data is available for storage.

I As each NORD-100 computer will be shared by several users it

I will be necessary to use a temporary data storage until service

can be obtained from the main computer. A convenient means to

obtain such a storage buffer is to use FIFO-registers. The length

of these are determined by the maximum counting rate from the
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time of flight equipment and the maximum time between services

from the NORD-100 computer. The front edge of the LAM signal will

be used to move data from TD104 to the FIFO-register and after a

short delay generate a reset signal to TD104 for enabling of a

new measurement.

5.1.2 Pulse, Height. Analog i s.jpj.

To make pulse height analysis for the proton recoil energy a

fast analog to digital converter is needed. In Ref. [17] there is

a unit recommended called FADC, having a 100 ns minimum sampling

interval and 10 bits energy resolution. As this unit also includes

a 1024 words FIFO it is well adapted to the suggested system. It

is intended that the suggested proton recoil and He will share

one data collecting unit.

5.1.3 R§al_Time_Infornation

Simultaneously with an accepted time of flight or pulse

height recording a relative value of the real time of its

occurance also has to be stored in a parallel FIFO. The time

information will be obtained from the TDG and TDR units as

suggested in Ref. [17]. The appropriate time information will

be stored in the FIFO unit by a valid LAM signal.

5.1.4 Control of Scatterer Positions

For both the time of flight and the proton recoil systems

it might be necessary to change scatterer during a discharge. The

aim is to make this within 0.1 aec and totally automatically

by some preselected value about 10 c.p.s. for the time of

flight and 104 c.p.s. for the proton recoil system. A signal

proportional to the counting rate will be taken to an Inte-

grating rate meter with preselected limits. Each time such a

selected limit is exceeded a mechanical system will remove the

largest available scatterer from the position to keep the

counting rate at an acceptable level, in order to avoid acci-
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dental coincidences and pile up effects. This system will

probably be completely separated from the data collecting

system.

5.1.5 Data_Cgllecting_by__Nord;-100

Depending on how the NORD-100 unit will be used it can either

service the FIFO-buffers via user interrupts or look for available

data whenever it is free from other jobs. In each case when data

is available it has to read one value from each of the six

parallel FIFO buffers and then store this connected set of data

sequentially into a primary memory buffer in N-100. If possible

N-100 should try to empty the FIFO buffers.

As the amount of data from the proposed experiment can be

quite large (up to a few hundred thousand words per shot) it is

not realistic to store all of it in primary memory. It will there-

fore be necessary to store data on a disc during the experiment.

The size of the primary buffer should be large enough so that

data from one such buffer can be stored on disc using a DMA

transfer while new data is being collected on an equally large

parallel primary buffer. Switching between the two buffers can

then be conveniently done. Having disc access and transfer time

of about 50 msec and counting rate up to 10 events per sec

buffer sizes of 2 to 4 kilovords seem reasonable.

5.2 Data Processing

After each discharge some routines for off line processing

of all collected data will start up. For the present there are

no details of the routines, only the guidelines are discussed to

some extent. For all off line processing the routines will be

written in standard Fortran and the aims for the calculations are:

(i) To determine the maximum ion temperature as a function of

time,[max T.(t)] from the neutron energy distribution f
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This will be done by collecting data sufficient for

statistic estimates over some time intervals At wO.lms

and using the relation between the broadening of the

neutron spectra and the ion temperature as mentioned in

Sec- 2.2.1 and Refs. [2-6].

(ii) To determine the ion temperature as a function of radius

and time T. (r,t). From the incident angular distribution

and an employed inversion process, the neutron emission

will be determined as a function of time and space Sn(r,t).

Provided information about the ion density profiles as

function of time n.(r,t) is available the ion temperature

T.(r,t) can be determined.

(iii) To determine the energy distribution of the rotating beam

by considerations similar to those in Sec. 2.2. Probably

one has to assume a beam energy distribution, from this

calculate the neutron spectra and compare with the measured

ones. This procedure might be very time consuming. The

general structure of the processing procedure is shown

in Table 2.

5.3 Data Presentation

In general the presentation system will provide a large

amount of flexibility. However, the main parameter of interest is

the ion temperature, but also the beam energy distribution. These

will be presented as functions of time and space in ways suitable

to the specific situation. Probably a number of codes must be

written for display presentations. The details on this has to be

further discussed.
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i

Three different types of neutron spectrometers have been

suggested as diagnostic instruments for extended fusion plasmas,

like the one in JET. The instruments are time of flight, proton-

recoil and He spectrometers. Both experiments and caloulations

are performed with the purpose of investigating their pro-

perties like e.g. energy resolutions and counting rates. '

Calculated neutron emission and energy distributions ^

from Maxwellian plasmas and beam-plasma interaction are described

in Sec. 2 and Figs. 1-4, 6 and 8. These investigations have

shown that it is desired to have an instrumental energy reso-

lution of a few per cent and a dynamic flux range of four to

six orders of magnitude. In Figs. 19 and 20 the dynamic ranges

are shown for different arrangements of the spectrometers. Evi-

dently, a flux range of six orders of magnitude is covered by y

a combination of the three spectrometers each one with a multi-

target system. Table 1 gives the dynamic flux ranges for single

target systems. A more comprehensive summary of the spectro- I

meter properties is provided in Sec. 3.4.

Tn order to reduce the background neutron flux in the •

instruments and to obtain spatially resolved information, ,

collimator and shielding is proposed to be utilized. Such a

system is shown in Fig. 21. It consists mainly of an exchangeable

collimator and a movable shielding. At least the use of two

different collimators is suggested, one suitable for the neutron

fluxes and energies from a DD-plasma and one suitable for

DT-neutrons. Other locations and performances should be dis-

cussed in order to adapt the arrangement to other conditions '

like requirements on the space, accuracy in measurements and

economy.

A local data acquisition system Is discussed in detail in

Sec. 5 and shown in Table 2. A general feature is that as soon

as one piece of information from pulse height or a time of
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flight is available this is connected to information about

the real time of the experiment and these pair of numbers are

stored as a two-component vector during the discharge. An

off-line process will analyse the data and present the relevant

plasma parameters like e.g. ion temperature and beam energy

distributions as functions of time and space. Details of the

presentations have to be discussed further in order to adapt

it to suitable performances.
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Figure captions.

Fig. 1 Neutron energy distributions from fusion plasmas with

ion temperatures T. equal to 1 and 10 keV. The reaction

rates are normalized.

Fig. 2 Doppler broadening of the neutron energy (FWHH)caused

by the ion temperature T. as function of T^ for DD-

and DT-plasmas.

Fig. 3 Displacement of the neutron energy (AS) for a delta

beam with energy E^ for D^-plasmas and three different

viewing angles relative to the beam direction v=l

corresponds to forward direction, y=0 to perpendicular

and y=-l corresponds to backward direction. -(u=-l)

indicates that the values of A E will have reversed

sign.

Fig. 4 Two monoenergetic deuterium beams (30 keV and 120 keV)

interact with deuterium plasmas of two different ion

temperatures 0.1 and 10 keV giving neutron energy

distributions f(En).Th« distributions are mutually

normalized.

Fig. 5 Typical an<Tular averaged steady state beam energy

distribution from Ref. flS| .

Fig. 6

Fig. 7

Calculated neutron spectra from beam-plasma interaction

in forward direction. Beam distribution in accordance

with Fig. 5 and injection energy W. * 120 keV.

Two different beam velocity distributions f^(v) under

steady state conditions for different electron tempe-

ratures T 1 and 10 keV.

Fig. 8 Different calculated neutron spectra from D-beam

D-plasnta interaction for two different electron

temperatures T_ * 1 and 10 keV in forward direction.



34

Fig. 9:1 Calculated degraded neutron energy distribution from a

DD-plasma in the center of plasma surrounded by 10 cm

SS and 20 cm copper layers. The calculation is done

with a multigroup neutron transport code ANISN and for

an infinitely long cylinder.
f

Fig 9:2 The same as 9:1 but at a position 200 cm from the center

axis.

Fig. 9:3 The same as Fig. 9:1 but with neutrons emitted in a u

DT-plasma.

Fig. 9:4 The same as Fig. 9:2 but with neutrons emitted in a

DT-plasma.

Fig. 10 A schematic picture of the set up utilized in the
y

experiments showing the scatterer and detector D~ and

the detector D^.

i
S

Fig. 11 Obtained results with the experimental set up shown in t

Fig. 10. The energy resolution is shown as function of

scattering angle,full line. The two dashed lines show

the estimated resolutions including and excluding the

uncertainty in the neutron energy <*vn/vn respectively.

Fig. 12 The same as Fig. 11 but for 16 MeV neutrons.

Fig. 13 Showing a picture of the peak obtained with 2.5 MeV

neutrons with a flight path of 3.40 m and a scattering

angle 4> equal to 20ö. The FWHM is equal to 6 ns which

in accordance with Fig. 2 corresponds to a FWHM in

DD-neutron spectrum from a plasma with an ion tempera-

ture of 3.5 JceV.

Fig. 14 Measured incident angular- and corresponding radial-

resolution at a position 200 cm from the detector DQ as

functions of the incident angular for 2.5 and 16 MeV

neutrons.
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Fig. 15 A scheme of the proposed time of flight equipment

showing the detectors DQr D1 and D~ and the exchangeable

collimator. ^ and 4>2 indicate the scattering angle

for the neutrons interacting with DQ-D, and Dn""D2

respectively.

Fig. 16 A scheme of the suggested electronic equipment for the

time of flight measurements with the maximum pulse rates

indicated. CFDD stands for a constant fraction differ-

ential discriminator, A for anode and p.s.a. for

pulse shape analyzing.

Fig. 17 Suggested electronics for extended performance with

two parameter recording system outlined in Sec. 3.1.4.

i*
Fig. 18 Device under construction for proton recoil measure-

ments during the development phase. It shows the Ii\
polyethen foils, foil holder and the movable surface fv

barrier detector. '

I
Fig. 19 The ranges in fluxes and energy resolutions are In-

dicated in case of DD-plasma for time of flight (T.o.f.)

helium (He) and proton recoil (P.R.) spectrometers.

The values indicated are for a plasma center to detec-

tor distance of 300 cm. Also is the flux for beam-

plasma indicated. For a given plasma density n *
13 -3 "

3*10 cm the corresponding ion temperature T.(keV) is

also given.

Fig. 20 Same as Fig. 19 but with a DT-plasma.

Fig. 21 A scheme over the collimator and shielding in vicinity

of the torus and between the neutral injector box and

one of the large magnetic cores. P.R. indicates the

vacuum chamber utilized for proton recoil measurements.

DQ, D^ and D2 are the detectors discussed in Sec. 3.1.2.



DD-neutrons Table X (to be cont.)

[Type of
spectrometer

5 He ionisation **
chamber

rime of flight 2)

Proton recoil 3)4)

„
6)

14

2

3

2

4

17

Eff/cm2

1O~4

6-10"4

3-10"8

5-10~7

2-10"6

Typ. area
2

Clu

50

1-100

10

10

10

Pluence for
good spectra
(200 counts)

4«104

3-103

7-108

4-107

107

Single target
dynamic flux
ratio for good
spectra within
one second

17

150

50

50

50

System
(multi target)
dynamic flux
ratio

2«102

3-104

102

5-102

2-103

1) Maximum counting rate «10 c.p.s., background due to thermal neutrons and gammas is neglected.

3 2 7
2) Time of flight path l = 200 cm, D. area 2.7*10 cm , max interaction rate in DQ - 10 p.s.

counting rate in Dn « 10 c.p.s., smallest scintillator-volume 10.5 cm , largest scintillator
volume = 100*1 cm . Collimator dimensions are 30 x 3 cm* and 100 cm long, dt = 0.5 ns.

4

3) Max counting rate ^ 10 c.p.s., min foil thickness l«m.

4) Recoil proton path length 40 cm, 20°.

5) Recoil proton path length 20 cm, 20°.

6) Recoil proton path length 20 cm, 40°.



DT-neutrons Table 1 (cont.)

Fype of
spectrometer

Proton recoil 4)

; v
Time of flight 7>

8)

AE%f~n

2

4

17

2

4

Eff/cm2

7-10"7

l»10"5

l-10~4

2-1O"5

6-10"5

Typ area
cm

10

10

10

1-20

1-20

Fluence for
good spectra
(200 counts)

3-107

2-106

2-105

6*105

2-1O5

Single target
dynamic flux
ratio for good
spectra within
one second

50

50

50

15

50

System
(multi target)
dynamic flux
ratio

8-103

3-104

1-105

1-103

3-103

7) I ~ 500 cm, dA = 3 cm, collimator dimensions = 9 * 2 cm , dt = 0.5 ns.

8) S. = 250 cm, dl = 3 cm, collimator dimensions = 9 x 2 cm , dt = 0.5 ns.

•aag.gr",..



Flow chart for data Table 2 (to be cont.)

Proton recoil and He

E
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rate
meter

i
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T
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collecting
level
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TDG
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I E (N), t(N)

On line level

Off line level

n
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Table 2 (cont.)

Off l ine level Data processing level

Ep(N), t(N) t(N)

Convert for each N
to (v^tN), t(NM

.Collect suitable number
•of events

Determine
t

I
Determine
errors

Off line level

Pick up information!
about T (r,t) I

{Assume a beam energy
ldj.gtrj,butlQn.

Calculate corresp.

Jcompare n-spectra I

Suff.
agreement

Not suff.
agreement

i 1
i Convert for each N tp~ (<o(N) . t (»in ""1

I Divide into k(w!5) <o Intervals J

Divide into L different t intervals
suitable for good statistics

For each time interval: Tnvert
n source S(<p,t) to S(rft)

*
|Pick up density

[Determine T^r,

information

t )

( r , t

JDetermine

Presentation
level

Present "1
max tTi(t)±ATi(t)]

Present possible
beam distribution

1 Present
TjL(r,t)±ATi(r,t)



Table 3

Data flow chart for two parameter recording system

f
D,

j control
Q position

start stop

Dgdetec j

+ ampl I

TD 104 JFADC

LAM

FIFO

Nord-lOO *
collecting level

On line level

LAM

IFIFOI

T ( N ) , E (N), t(N)

Off line level
T ( N ) , E (N), t(N)|

~ .1. ..Z_.
Convert by eqs (20) (21) and (22)
in Ref. [6] to En(N), <pn(N),t (N)

:~ • v ••--• ;...;.:~.r:~'~:::
Divide into suitable intervals in (p and t

For each tp invert spectrum (ip) to spectrum (r)

Pick up information
about n.(r,t)

_ _ _ _ J L -

L
Determine TA(r,t)

from spectra

Determine T

from flux

Determine beam
distribution
fb(r,t) from

spectra

Compare

Presentation
level Present Tif,x,t) &.'

present
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TRITA-PFU-80-02

Royal Institute of Technology, Department of Plasma Physics

and Fusion Research, Stockholm, Sweden

A PROPOSED NEUTRON SPECTROMETER SYSTEM FOR JET

T. Elevant,G. Hellblom,B.Holmqvist,S.Malmskog

and J. Scheffel, 40 p. in English

A neutron spectrometer system is proposed primarily

for measurements of ion temperature and density and ion beam

energy distribution in extended fusion plasmas like e.g. in

JET. Three different spectrometers are involved: time of flight»

proton recoil and 3He. Energy resolutions of a few percent

both for DD and DT neutrons are provided. Six order of magni-

tudes in flux ranges will be covered by the system when

employing multi-target systems.

A neutron collimator and shielding system will be

desirable in order to obtain relevant information. Due to

the entire differences in energy and fluxes for DD and DT

plasmas a flexible collimator-shielding system is recom-

mended.

i
K§¥_wor.ds: neutron diagnostics/ extended fusion plasmas,

neutron spectrometer, neutron telescope, ion temperature

measurements, beam-plasma interaction diagnostics.


