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Introduction

Ignitor [1] is the first experiment that has been proposed andraesio achieve fusion
ignition conditions in well confined deuterium-tritium plasmas. Dematistr of ignition,
the study of the physics of the ignition process, and the heatingoaiehl methods for a
burning, magnetically confined plasma are the most pressing isspessent day research
on nuclear fusion and they are specifically addressed by therigngperiment. The adopted
strategy involves the use of compact, limiter configurations Wwigh magnetic fields to
reach ignition at relatively low temperatures, high densities,irahece the “thermonuclear
instability” [2]. This possibility is the fundamental feature th#ferentiates Ignitor from all
other presently proposed burning plasma experiments. Furthermore, heatimgds and
control strategies for ignition, burning and shutdown can all be edtafliwith this device
in meaningful fusion burn regimes, on time scales sufficiently I@fative to the plasma
intrinsic characteristic times. The machine paramelistsd in Table |, have been chosen in
order to operate at a large toroidal plasma

R 1.32 m | Plasma Currehp 11 MA . . i
a 0.47 miToroidal FieldBr 13T c%Jrrent, with a correspondggly low pol
K 1.83 |Av. Pol. Field(B,) 3.4 T oidal beta =2 <p>/B; 0 0.2 at

o 04  |Edgeqy 3.5 ignition, where(p) is the volume averaged

Peak temperaturo, Ty  11.5, 10.5 keV|

plasma pressure), and at about half the

Peak densityieo 10t m= density limit, to keep far from the main
H 8 -3
Peaka densityng 1.2x10°m density and beta operational limits. In this
Totala powerPq 19.2 MW _ _
Plasma stored energygV_11.9 MJ paper we discuss some confinement and

Ohmic powelPoy = dW/dt  10.5 MW transport experimental results obtained in
Core radiated powé?,,q 6 MW
Pol. and tor. bet#, 8 0.2, 1.2%
Energy confinement tinre 0.62 s
a’s slowing down time,z 0.05 s implications for the plasma regimes
Effective charg&es 1.2 . L ,
Table I. Machine parameters and representati\%p(:"cted Inthe Ignitor ignition scenario.
plasma parameters for Ohmic ignition [7].

the high field, high density experiment FTU

(Frascati Tokamak Upgrade), and their
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FTU Ohmic Confinement

Confinement and transport issues for Ignitor camestigated in existing high field, high
density experiments such as FTU, which can operaeagion of parameters complementary to
that of most other existing devices. In particulagscaling of confinement with density at high
fields has been addressed in the FTU experimen&:fo 7 - 8 T.As was already observed in
other high field machines, the energy confineméne tziz increases with density up to a
saturation value. This saturation occurs at abalitthe value of the “density limit” (Fig 1).
Whenlp = 0.8 MA the density profile is fairly peaked atatively low densities and it flattens
out at higher densities, when the confinement ségarates (Fig. 2). At the lowes}, (94<3),
however, the density profile is flatter and does cltange with density, in spite of the linear
increase ofe in the explored density range. Following the injectionetiieps the positive trend
of the neo-Alcator scaling with density is extended mim@aches values in excess of 100 ms [3]
at 0.8 MA, with a significant overall improvemeitoxe the saturation level, fog as high as
8x10%° m*, close to the Ignitor reference central densitye Producinez: reaches about 1D
sec/ni. The corresponding effective thermal diffusivifyCa%4 (0.2 nf/s is within the range
of the values estimated for Ignitor in order tocteanition. The density peaking factor in these
cases is above 3, sawteeth are suppressed, amdigheerclear indication of the onset of an
internal transport barrier. As a consequence, iftypaccumulation is usually observed and the
plasma returns to a lower confinement level witsihms. On the other hand, at 1.1 MA, the
penetration of multiple pellets (up to 5) is leg®jpl and the increase of both confinement time
and density peaking is modest, but considerablyeratable. Impurity accumulation is avoided
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Fig. 1. FTU energy confinement time irhi@ic Fig. 2. Density profile peaking factofer
discharges with and without pellets, for cemts the same discharges of Fig. 1

ranging from 0.5 to 1.4 MAgup to 7.3x16° m?®
as a function of the ratio of théne average
density to the density limita | /72,
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thanks to the persistence of a slower (relatiitbeqre-pellet phase) sawtooth activity [4].

A microstability analysis of the pellet injected discharges been carried out [5] to
identify the stabilizing processes that bring about the improeadinement. In [5] it is
shown that the high collisionality of FTU plasmas allows for dgrnmaking stabilizations,
which is identifyed as the main stabilizing mechanism for thetegdstatic turbulence. Elec-
tromagnetic effects on ITG modes are generally negligibleTiU standard ohmic plasmas,
(magnetic shear = 0.5, parameter 0.02, wherex=-Rog’’) while they become important in
pellet dischargesa( = 0.1, dgiica= 0.3) bringing about further stabilization of the ITG
branch through coupling with the Alfven ITG [6].

Ohmic Confinement Regimein Ignitor

The approach to ignition in Ignitor was extensively simulated [Ry7ineans of 1 %2 D
transport codes, using different transport modei& results reported in Table | are obtained
by applying the Coppi-Mazzucato-Gruber model for the Ohmic heatiageptas detailed in
[7]), and a degraded transport model witeparticle heating prevails, in the JETTO code
[8]. The optimal conditions under which confined plasmas can reackoigngiccording to
four different transport models, were identified [9,10]. In all casedransport barriers are
invoked. The most accessible conditions for ignition involve relativedkee density pro-
files (e.g.,no/(n)y 0 2). Peaked profiles are beneficial for fusion burning plasmas $eweral
perspectives. In particular, they can provide a stability edgesighe so-called);; modes
that enhance the ion thermal transport. In fact, the injectiopetéts to prevent the
confinement saturation was suggested originallytiier Alcator C experiments to stabilize the
lon Temperature Gradient (ITG) driven modes by mehas adequate density gradient.

Extrapolations of the FTU ohmic regimes to the aafskgnitor need to take into account
that the plasma current is higher (the average poloidghetic pressure in Ignitor is about 25
times the FTU value at 1 MA) and the plasma temperature is alsod® tigher than in FTU.
The line average density at ignition is less thaif the density limit, and therefore the
confinement time can be expected to be as highcas ibe before reaching saturation. The col-
lisionality parameten”* at ignition is lower than in the FTU pellet discharges. Thellef
desired density peakedeness, on the other hasidjilar to that observed on FTU at the lowest
densities and currents. During the initial curnesg the value ofl, at the edge is below 4,
therefore density profiles that are not sufficiently peaked are to be edpEotr this reason a
high speed, multiple pellet injector [11] is planned as an integrabpéhe Ignitor facility.
The injector will allow variable speeds and pellet sizes to geogufficient penetration

throughout the current rise, when density profile control is mitieat and the temperature
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is lower. At ignition, the parameter defined in Ref. [6] is estimated at about 0.18, there-
fore it can be expected that stabilizing mechanisms such as those a€fing pellet fuelled
discharge will also take place, although the role of trappectiesrin this phase remains to
be assessed.
H-moderegimes

The possibility of achieving H-mode confinementgnitor has been also investigated for a
double null configuration with the X-points layig the first wall, and with, ]9 MA anda
[10.44 m. A zero-dimensional analysis of the operating spattetivmode confinement has
thus been performed, solving the global power balance equation fegravgilue of the gain
parameterQ=Ps,d(Pon + Pauy. Confinement is assumed to scale as ITER98(y,2) when a
power threshold as given in Ref. [12] is exceeded by a factor 1.Bnpurity level of 1.2%
B and 1C° Mo was chosen, so thZg = 1.31. Assuming a modest profile peaking for both
density (o/<n> = 1.25) and temperatur@y(<T> = 2.5), access to higR-operation appears

possible. The operating space f@=30 is T e :°<48
shown in Fig. 3. An interesting operating poi il Joas
Pol(p)=2.75 [

is the one withng = 6.3x 10°° m> and Ty = oo

Ze=1.3 1040

Te=T;

16.3 keV, corresponding t®©, = 26 MW and ?E » Jose 3
values of normalized densify/n; = 0.37 and g oo 13
normalized betafy = 1.1) well below those ]: Q=30 :0‘322
corresponding to tokamak operating limit  «of 1%
Assuming flatter pressure profilagpl<n>=1.1 - Joze
and To/<T>=2.0), access becomes limited - 3%50' T S ;Oo.zo

values ofQ up to 10. <l /<n> (ke¥)
Fig. 3. Operating space for H-modegimes

*Sponsored in part by E.NE.A. (Italy) and the U.§ Ignitor at Q=30.
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