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1 Introduction

In the recent trace tritium experiments at JET, neutron casneere the only diagnostics
which could be used to study adequately the transport adririas a function of space and
time. Direct confrontation is made between the measurettoreacamera data and a forward
model of 14MeV and 2.5MeV neutron detectors in order to dgetiive transport coefficients.

The analysis method for tritium transport is presenteduttiog a discussion of the error
propagation techniques used in determining transporficefts. More details of the results
and meaning of this analysis can be found in [1,2]. See alstof3 specific utilisation on
the study of neoclassical tearing modes. Tritium was intced by both gas puffing and high
energy neutral beams (‘beam blips’) — see [1] for more detalil

We show that it is possible to obtain a quantitative uncetyaon derived tritium transport
coefficients from measured data. This analysis method canba applied to other measure-
ments and species. The practical implementation of thi&wthe computer codeTc[4].

2 Neutron emission

The JET neutron profile monitor measures 2.5 and 14 MeV-
neutrons along nineteen lines of sight, ten horizontal ane n
vertical (see figure 1). In addition to this, global 2.5 and 14
MeV yields are measured. The neutrons are produced partly
from fusion reactions of the thermal plasma ions and (ofte;n
dominantly) by collisions between fast deuterium ions from
neutral beam injection (NBI) and the thermal plasma.

The emissivities to model the emission come from
TRANSP (see [2]) — a correct description of the poloidal =5
asymmetry of the fast deuterium ions distribution from &Y, o 1. LMi?:g:uscgfmsight of the
is necessary in order to model the vertical lines of sight. 51 heutron profile monitor.

I
5 6

Neutrons scatter within the vessel and detector systerogjistinct types are considered:
e Forward scattering— where a neutron emitted along a pdatitoe of sight is deflected
to another detector either in the vessel or detection system

¢ Back scattering — where a neutron emitted in an arbitramatiion is reflected from the
walls of the vessel into a detector.
In addition, some D—T neutrons will register 2.5MeV countd Aence be counted as D-D
neutrons due to both detector effects and energy downscatte
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Neutron calibration[5] and MCNP calculations[6] for seaiihg provide the following data:

e SI — 19 x 19 matrix with data of how a typéV (DD or DT) neutron in one line of
sight scatters into the line of sight of another detector,

e SF—19 element vector with data on how globally emitted t#fp€DD or DT) neutrons
are back scattered into a detector,

e cy_ — Efficiency of a typeN neutron DD or DT) registering a count of energy E
(2.5MeV or 14MeV).

We defineL, 5 to be a vector containing the emission of the neutrons alopgrtcular
line of sight, with the index of the vector corresponding tgigen detector andz, 5 to be
the modelled ‘recorded’ counts of the detector (similady k.4 and R,4). With T'5 5 andT'14
being modelled global neutron yields we obtain:

Tia

where the sub-matrices A-D represent how the line of sigldetied quantities influence the
detection, and the sub-vectors E-H influence how the matiglt@bal neutron yield influences
the detectors, these are defined from the calibration/MCl¢utations as:

A (n,m) = Sfp (n,m) eppoasmev (1) E (n) = SHp (n) eppo2.smev (1)
B (n, m) = SET (n, m) EDT—2.5MeV (n) F (n) = SST (n) EDT—2.5MeV (n)
C (n, m) = SST (n, m) €DD—14MeV (n) G (n) = SSD (n) €DD—14MeV (n)
D (n,m) = Sfir (n,m) enrs1amev (1) H (n) = St (n) eprsiamev (7)

3 Transport and influx model
We usesANCO to propagate the equations

on,
o

ot g_gaw

on, 1 0 [0V
( o (V] n,

e (Fqb)) + Sources — Sinks ; I'=-—D <W¢‘2>

giving tritium density () as a function of space and time, from this we forward modetnoa
counts (see section 2R, v/ D and our influx model are parameterised and used as fit param-
eters against the measured neutron counts and with a decayrteasured from a beam blip
shot[2] by fitting an exponential decay to total tritium centt D andv/D are specified/fitted

at discrete points in space and time with linear interpofabetween points.

Our influx model takes into account the gas puff and wall reogovia a four parameter
model to describe (i) gas influx, (ii) tritium going to the wairectly from the puff, (iii)
tritium entering from the wall and (iv) recycling in the speaoff layer. Sensitivity studies[2]
showed that core transport parameters are relatively ifwikieir error bars) insensitive to the
unknowns in the influx model.
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4 Fitting and error propagation

Levenberg-Marquardt fitting is employed; we take take nucaémderivatives and then
finds an iterative solution ol Ap = b. Ap are the ‘suggested’ adjustments of the free
parameters and for the case of only statistical ertfgndb are

Ofn Ofu M 0f, 1
; bz — Yn noos n —
Z oo ap, " 3. (fo—Yn)wn ; w Ay

n=1

A x? merit function is used to assess the goodness of fit and theier@ny modelled quantity
(e.g. tritium density, diffusion coefficient etc.) can alsobtained:

N
X2 = an (yn - fn)2 ; Afn = Z Z afn 8fn Mi;1
n=1 X

With the addition of correlated errors (e.g. relative caltion of the detector system, errors
in the influx model and uncertainty in the equilibrium redopuastion) the definition ofM
becomes

N N
Mij = Z an, %% ;o W= S_l s Sam = PnmOnOm

5 Results for shot 61161

The experiment consisted of two shots, 61158 which was a d#gmexperiment and
61161 which was a tritium puff (&t= 10.5s) of around 1% of the total plasma content. Both
shots were set up to be similar hybrid-scenario plasmas. oaydéme ofr = 0.21s was
measured from the beam blip shot and used to constrain thepiwa analysis of shot 61161.

D andv were assumed constant in time for the purposes of the fit. Tdfdgs were fitted
as a series of regions (with no discontinuity allowed at lolawies) which were piecewise
linear between/a = {0.25,0.55,0.7,0.85}. D was kept constant for/a < 0.25 andv was
interpolated ta) from r/a = 0.25 tor/a = 0. The results are shown in figures 2(a) and 2(b).
The measured® andv profiles are not neoclassical as also illustrated in the dgur

Comparisons of the model with the JET neutron profile momiteasurements and global
neutron yield are given in figure 3. Thea given in each plot is representative of the line of
sight of each detector. Channels 1-10 are horizontal antheti®11-19 are vertical.

Numerical errors and covariances in free parameters wemeditained from our error
analysis procedure, they are shown in tables 1(a) and 1(® tHat only the strongest covari-
ances £ 0.6) are shown in table 1(b). The globgl for the fit was 1.44.

The key characteristics of D—T neutron emission in the tteattam pulses are well fitted
by UTCJ4], thus providing a versatile tool for determiningitim transport.
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Figure 2: Derivedr/dqiffusion (a) and convection velocitié;(or shot 61161.
Param.| Value | Corr. | Uncorr. Param. 1| Param 2.| Corr. | Uncorr.
Dy 0.80 | 0.15| 0.11 D, Dy -0.82| -0.85
Dy 0.89 | 0.16 | 0.12 Dy D3 -0.74| -0.71
Dg 1.74 | 0.56 | 0.39 D3 Dy -0.77| -0.65
@) Dy 227 | 1.26 | 0.91 v1/Dy ve/Dy | -0.80| -0.78 (b)
vi/Dy | -0.33| 0.44 | 0.07 va/ Do vs/Ds | -0.67| -0.17
ve/Dy | 0.16 | 0.60 | 0.15 v3/Ds vg/Dy | -0.87| -0.89
vs/Ds | -4.33| 0.92 | 0.35 Dy ve/Dy | 0.66 | 0.51
va/Dy | -7.32| 1.66 | 0.86 Dy ve/Dy | -0.58| -0.62

Table 1: Values of parameters & propagated errors (a) andrggrcovariances (b) in the transport
model for both correlated (Corr.) and uncorrelated (Uncperror analysis procedures.
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Figure 3: Comparison of modelled (blue) and measured (reditton measurements.
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