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Introduction

Physicsissuesthat can affect the possibility to reachfull ignition in deuterium-
tritium plasmasare investigatedby extensivesimulationsof the evolution of the plasma
parameters that can be produced by the Ignitor machine [1]. The main design pa@aeters
a toroidal field up to 13T, a plasmacurrentup to 12MA, tight aspectratio (R,[11.32m,
a~0.47m)and considerableelongation (k~1.83) and triangularity (6~0.4). The optimal
regimesin which full ignition canbe achievedcorrespondapproximatelyto peak densities
around10* m?. This valueis well below the known density limit that is amongthe most
severe conditions to be fulfilled in low magnetic field, larger machines [2]. The high densities
allowed by the high toroidal field have been proven to lead to a small impantgnt,which
is another issue heavily affecting thesion performanceslgnitor is designedo exploit the
beneficial effects of the simultaneousncreaseof the toroidal magneticfield, the plasma
current and the particle density. From a series of simulations under siontditions,it was
found that fusion power production and ignition depbath on the plasmaaveragedensity
and its radial profile [3]. Here the optimal density value is adopted anflirenceof other
parameters on thglobal performancas investigatedor the 11MA scenario.The evolution
and control of the currentdensityprofile is a primary issue.As a matterof fact a concern
remains for the excitation of m=1, n=1 modes associated with magnetic reconneciem,
of the relatively large sawtooth oscillationhich they can produce While ohmic heatingis
adequateto reachignition, the ICRH systemcan be usefully employedto control the
evolution of the current density profile and shorten the time needed to achieve ignition.

in

Simulations

The currentrise phaseplays a crucial role in sucha machineand requiresto be
carefully planned.Thereforereliable and consistentnumericalsimulation of this phaseis
mandatory. The code here used hagdggiredfeatures.The simulationset-uphasalready
been illustrated in Ref. [3], where tharrentramp and plasmacross-sectiorexpansionn a
limiter configurationfollowed by a condition of constantlp were analyzedfor the 12MA
scenario. Therfominal” parameters fothe plasmacurrentand the magneticfield are here
consideredn a setof simulationsstartingat t=0.3 sec(correspondindo I, =1MA and B
=7.6T) and lasting till the ignition attainment in the flattop conditidgps=11MA, By =13T).
The working gasis a 50-50 deuterium-tritiummixture. The cross-sectiorexpansionis
controlled so as to holg|y,>3 andto avoid the disruptionboundariesn the (lj,qy) diagram.
This criterion can requirt tailor the growth of the plasmapoloidal cross-sectionn a way
slightly different from the nominal one. The chosen (electron/ion) thermal diffusion
coefficients are a combinationbetweenthe Coppi-Mazzucato-Grubeexpressionand a
power depending contribution that accounts for the heating sduede the alphapatrticles,
as detailed in Ref. [3Neoclassicaklectricalresistivity is adopted Our layoutis somewhat
conservativeas the energyconfinementime is maintainedaboutthe ITER96 L-mode [4]
along the ramp. The high toroidal fieddsures large marginwith respecto the betalimit.
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The line-averageddensity, due to the high current density, is always lower than the
Greenwald limit written in the form:

n, =1, /(ma)®) [2Om3, MA, m]. 1)
The ignition attainment is pointed out by the unity value of the parameter:

P
fign = a (2)
Pth +Paq TR +Pwnc

rad brem

Thef,, value is in any case an important marker of the obtained performances.

Results

Herewe consider<n> ~ 5x10°’m® and<Z_> ~ 1.2 and analyzehow the adopted
rate of increaseof the densityaffectsthe attainmenif ignition. Two different growths are
representedh Fig.1. The secondchoiceis adoptedin othersimulationswhich explore the
possibility of obtaining better performancesby exploiting the use of additional heating
during the currentrise. Table I summarizesthe results obtainedboth in purely ohmic
regimesandin additionally heateddischargesThe RF pulseis simply modeledby a step
power input to ions lasting from t,, to t,.- , with a uniform spatial distribution between
P./P =X, aNd p,/p,..=%,. The powerinputis chosento be ~10 MW thatis of the same
order of the ohmic input at the injection time.
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Fig.1.- Time evolution of line/volume averaged electron density in 10?°m for cases A) and B) in Table I.
The peaking factors and the relevant Greenwald values are also plotted.

The differentincreasan the density producesdifferent temperatureshut the pressuresat
ignition are very similar (See Tablahd Fig.2), evenif the ignition timesare not the same.
This “preferential” pressureprofile at ignition is also underlined by the simulations
performed inthe presencef auxiliary heating,ascasesC) andD) in Tablel. The ignition
time is shortenedoy the RF injection when the samedegradationwith power is assumed
(fus=1). The safety factor profiles look markedly different, remaimagpletely over unity
in the presenceof additional heating; the pressureprofiles maintainsimilar shapesThe
invarianceof the electronpressureprofile at ignition was alreadyobservedin simulations
relevantto the 12MA scenarioand basedon a different transportmodel calibratedso asto
producecomparableconfinementimes[5]. An enhanced  , caseE), delaysthe ignition,
lowers the confinement time and modifies the pressure profile.
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Tablel
Shot A B C D E
f,g factor 1 1 1 1 1.6
Torteor [5] 1.00 .33 0.99 1.2 157
<nS In 10"m” 4.89 5.03 5.34 5.16 5.45
n(0)/<n> 2.3 2.4 2.2 2.3 2.4
P, [MW]| 10.5 10.3 10.0 10.0 10.5
P, [MW] 25.4 23.7 26.9 26.9 29.8
Ton-Torr IS] 15-2.0 18-3.2 1529
Xi- X, 0.59-0.84]10.69 - 0.94] 0.59 - 0.84
Tooor IMA] 0.80 0.87 0.98 T.00 0.95
B, 0.28 0.26 0.28 0.28 0.28
T.(0) [keV] 145 12.2 12.7 12.9 13.5
T.(0) [keV] 12.6 11.0 11.3 1.4 1.9
q(0) at for T.10 T.05 T.23 T.10 1.20
q(0) at f,, 0.87 0.80 T.08 0.94 0.92
p.(0) [MPa] 2.56 2.42 2.39 2.50 2.82
for At Lor 5] 0.18 0.15 0.18 0.18 0.15
Te atfy, [s] 0.57 0.60 0.61 0.61 0.54
<n><ny> [%] 0.054 0.033 0.036 0.038 0.039

Table | - f g is an enhancement factor for ubiquitous mode contribution in the thermal diffusivity;
teor Marks the end of ramp time, i.e. the time when Ip=11MA and Bt=13T.
All quantities are listed at ignition, if not otherwise specified.
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Fig.2.- Electron pressure (left side) and safety factor profilesat ignition for cases A), B), C), D)

1123



26" EPSCCFPP 1999 ; G.Cenacchi et al.: Main Issues on the approach to ignition in deuterium-tritium...

The approach to ignition may be followed by the trajectodea(O0)t. vs T,(0) in a Lawson
plot asin Fig.3. The Lawson condition and the ignition margin are evaluatedby using
Z=1.5. Notice thatcasesB), C) andD) reachthe samefinal point althoughtheir paths
differ because of the auxiliary heating.
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Fig.3.- Evolution of n(0) 7 vs T;(0) for cases A), B), C) and D) in Tablel.

Concluding remarks

Plasmadensityand betaneverapproachthe known limits. The beneficialeffects of
an appropriatechoiceof the density,alreadypointedout in Ref. [3], are confirmedalso in
these simulations. Additional RF heating during the ramp may be effectimeftifying the
currentprofile so avoiding or minimizing the g<1 region. It seemsthat, under the same
global energyconfinementime, a “consistent” plasmapressurecharacterizeshe ignition
condition, independently of the path followed.
Thereare still openquestionson high field ignition experimentsiransportand resistivity
during the current ramp are not necessarily the same as in steady state.
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