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Introduction

The characteristic parameters of the Ignitor experimenthardiigh plasma currents
(<11 MA), relatively small dimensiond&§ 0 1.32 m,a x b 10.47x 0.86 nf), and magnetic
fields up to 13 T [1, 2]. The operational life of the machine willude “preparatory”
experiments at reduced machine parameters that are expecedess significant plasma
regimes. In this context a careful analysis has been cawuigd verify the consistency of the
plasma parameters to be obtained, in particular the ideal igoiaditions in D-T plasmas,
with the characteristics of the poloidal and toroidal field systeand considerable pulse
lengths. To this end many simulations were carried out witdER@ O code, that is capable
of taking into account self-consistently the free-boundary plasmékeigun evolution. Two
scenarios with magnetic fields up to 9 T and appropriate levéigeoted (RF) heating were
investigated: “limiter” (no X-point) configurations with plasnsarrents up to 7 MA and
double X-point configurations with plasma currents up to 6 MA. In all cases the doilitpat
of the poloidal flux consumption with the available flux was verifiad ¢he constraints on
long pulse flat-tops related to the features of the toroidal magystéém were taken into
account. The enhanced confinement properties of the H-regimes thia¢ edtained in the
presence of X-point configurations have not been examined yet. Thus ¢imyg of worst
case scenario is included in this presentation. The results slabywroper programming of
the density evolution and of the RF injection lead to reach and totamaisteady state
conditions with peak temperatures around 6 keV (ideal ignition for thedeved profiles)
and significanti-particle production. The required amount of injected power is upMuV8
in the “limiter” configuration when the shortest confinementesmare considered. The

relevant pulse flat-top lengths can be about 9 seconds for the “limiter” cotifigura

“Reduced” Scenarios
The present simulations were carried out, like the previous onegmeddor the
“standard” Ignitor scenarios (11 MA, 13 T), by means of the JETB@e. A Bohm-
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gyroBohm transport model was adopted for both electrons and ions repdesgnthe
expressions:

Xe :DB[aBequ(S)"'O(gBep*](a/LTe) ; Xi:DB[GBiqu(S)"'agBip*](a/LTe) * Xineo
whereDg is the Bohm diffusion coefficientige, Ogge Ogi, Oggi are numerical coefficients
whose values are detailed latiég)=H(s)[s%/(1+s9)] is a step function of the magnetic shegr;
the local safety factora is the minor plasma radiug;re the characteristic temperature
gradient length angl;neo the neoclassical ion thermal diffusivity. Sawtooth oscillatiores a
triggered by a critical peaking factor of the plasma presguepy/<p>=2.7), chosen on an
empirical basis. The magnetic flux variation is evaluatednkeyRoynting method, choosing
as reference point the inner edge of the plasma column [3]. TipellBEis associated with a
rather large deposition profile. The poloidal coil currents wereuated so as to produce a
flux matching the required value along the discharge evolution.

7 MA Scenario

In this “limiter” configuration scenario the toroidal magueeteld increases from 7.57
to 9 T during the current ramp (2.1 s) and the flattop lasts 9.4 £eNbtt the starting time
in the simulations correspond to 0.3 seconds (1 MA plasma current). dikengvdensity
along the flattop time is <R=2x10m™ and the impurity content is such as to produce an
effective charge= 1.5, a higher value than usually observed at these densitees|avly
increasing during the flattop. The simulations reported here refer to:
0pe=0.43x10°, 0gee=0.10,05=0.34x1C0°, 0gzi=0.10 (Run A — on the left in the figures)
0ge=0.13x10°, agBezo.lo,aBi:O.lox103, 0ggi=0.10 (Run B — on the right in the figures).
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Fig.1. Energy confinement time, in seconds, given by the code compared with the ITER97L
and 1PB98 global scalings. Run A on the left-hand side and Run B on the right.

The first set of parameters is the same used in previous songlafor which the
resulting energy confinement time comes close to the one estimath the ITER97L

scaling. The second set produceg,aduring the current flattop, that is about 1.5 times the
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ITER97L, compatible with the results of the FTU machine inpftesence of ECRH heating.
The RF pulse (7.7 MW absorbed by the plasma) is maintained fromussl she end of
flattop. It is worth noting that Run A presents a stabilityectgry, in the gy,l;) plot, more
stable than the one of Run B. The transport properties influence theeticadlux

consumption during the discharge, as shown in Fig.2.
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Fig.2. Flux evaluations for Runs A (on the left-hand side) and B.

These evaluations point out that, even with a pessimistic choicthdotransport
model, such as the ITER97L scaling, the peak temperature can bé ke¥r(see Fig. 3).

Any more realistic assumption will ensure much higher performances.
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Fig. 3Peak and volume averaged temperatures for Runs A (on the left-hand side) and B.

Double X-point Scenario
In this scenario the plasma reaches 6 MA and a configurationdeithle X-points
inside the first wall. The current ramp lasts 3.8 s and thflas limited to 4.2 s while the
complete thermomechanical analysis of the involved coils is lm@inged out. A RF pulse (5
MW absorbed by the plasma) is injected from 3.3 s until the end oflattep. The
possibility of accessing an H-mode confinement regime in theepcesof an X-point
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configuration has not been examined yet. The density conditionseasame of the previous
scenario and the two sets of transport coefficients are siemar. The slower rate of the
current ramp improves the current penetration. The peak temperasaitgte around 5.5
keV and 6.5 keV in the two confinement conditions, here indicated as C e [Big.4). In

this scenario the less favorable confinement giveg, &)( trajectory always included in the

stability region; the alpha power relevant to the better confinement insngase 2 MW (see

Fig. 5).
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Fig.4 Peak and volume averaged temperatures for Runs C (on the left-hand side) and D.
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Fig.5 Ohmic, RF and alpha powers forRuns C (on the | eft-hand side) and D.

The comparative analysis of the simulations assures that sagifperformances can
be reached in both scenarios even with pessimistic hypothesesamtimement properties.
The amount of injected heating power can be adjusted to compenpsatee fdifferent
transport conditions. In the 7 MA scenario a flattop as long ass9cempatible with the
characteristics of the poloidal and toroidal field magnet systems.

*Work sponsored in part by ENEA and CNR of Italy, and by the US DOE.
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