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Semi-analytical Approach

Generalized potential energy associated with internal kink displacement:

<

<

(5W—27T2R0§ (BQ/,uo)(pla/Ro)4 X OW a = \/V/(27T2R0) p:T/a
SW = 5WT (6p1) + 5Wshape + 5WKO + Re(SWkoz (O)

SWr(Bp1) = ko — k18p1 — ko2 o1 coefficients k; (that depend on global

characteristics of the g-profile ) — computed numerically as specified in M. N.
Bussac et al. Phys. Rev. Lett. 35, 1638 (1975).

Bp1 = —B(0)(Ro/a)*(1/p1) [§* dpp*dp/dp P = p/p(0)

5Wshape: shaping contribution — computed numerically as specified in J. W.
Connor and R. J. Hastie, Rep. CLM-M106, UKAEA, Culham Lab. (1985).

SWko = 1. 1088\1/51 ( ) 5 (0 ) 1 dp p3/? p; collisionless thermal

trapped ion contribution — R. J. Hastle and T. C. Hender Nucl. Fusion 28, 585
(1988).
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Hot Alpha Particle Contributions

Two contributions by hot alpha particle population ( K. G. McClements, R. O. Dendy,
C. G. Gimbelit, R. J. Hastie and T. J. Martin, Nucl. Fusion 35, 1761 (1995)):

o Bpl — Bpl,core + 5p1,,ah
destabilizing term: increases as the ¢ = 1 radius increases;

_ 5/2
® ReéWia(0)=-32 [%] Bah(O)% Jtdpp3/? {0.6 +

+3.2[1 —q(p) — 3(p)/2)} G2 & = (p/q)dq/(dp)
stabilizing “kinetic” term contributed by hot trapped alpha particles: decreases as
the ¢ = 1 radius increases;

Hot alpha particle pressure computed from slowing down distribution function

2
_ <ov>pT nj Tsl,aa 1
Fon = 4 (v3403) EH('UQ _'U)

Bosch-Hale expression for D-T thermal reactivity.
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Modelling of Ignitor Plasmas

p=p0)(1—p?)»tT g =qo(l+Aqp*)1/¥

Fix go = 0.85, ¢4 = 3.4 and vary v to modify p1. The value of 851 crit
(6W(Bp1,erit) = 0) drops from 0.215 to 0.136 as the p; is increased from 0.24 to 0.44.

Different types of pressure profiles (coefficients v, v1) are considered.

Te./T; = 1.1 and n;/ne = 0.97 is assumed.

A typical regime with n(0) = 10.0 x 1020 m—3 as well as one with lower density
ne(0) = 7.3 x 10%2° m—3 - to explore effects of “higher temperatures” - are considered.

For given values of vy, v, the value T¢(0) is then chosen so that Py, =~ 100 MW.
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Plasma Profiles Considered
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Higher density: n.(0) = 10.0 x 10 m™*

p(0)/(p) =1+uvn+vr

Un vt Te (0) Va B(O) B /Bp /Bpl,core 5ah(0) 5p1,ah
(keV) % % (p1 = 0.34) % (p1 = 0.34)
1.0 2.0 116 93 520 130 0.21 0.30 0.32 0.037
1.0 1.5 108 74 484 138 0.22 0.24 0.30 0.026
1.0 1.0 100 54 448 149 0.24 0.19 0.19 0.016
0.5 1.0 9.1 3.3 408 1.63 0.26 0.14 0.15 0.010

Low values of 3, B,. However, 8,1 can be relatively high for peaked pressure profiles.
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Lower density: n.(0) = 7.3 x 10* m™°

p(0)/(p) =1+uvn+vr

Un vt Te (0) Va B(O) B /Bp /Bpl,core 5ah(0) 5p1,ah
(keV) % % (p1 = 0.34) % (p1 = 0.34)
1.0 2.0 148 84 484 121 0.20 0.28 0.54 0.059
1.0 1.5 138 6.8 451 129 0.21 0.23 0.43 0.043
1.0 1.0 126 5.0 412 137 0.22 0.17 0.32 0.027
0.5 1.0 118 46 3.86 1.54 0.25 0.13 0.25 0.020

Alpha particle betas almost doubled with respect to previuos case.
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p=p(0)(1—p?)n*rr
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Discussion

® as expected, stability (i.e. W > 0) depends on the peakedness of pressure profile
and on the location of the ¢ = 1 surface: peaked pressure profiles and large ¢ = 1
radii are unfavourable;

® the stabilizing contribution of collisonless thermal trapped ions (Kruskal-Oberman
term) is more important than than of hot alpha particles: this is partly due to the
relatively “low” temperatures characteristic of Ignitor but also to the destabilizing
effect of hot alpha particles through 3,1, o» (SO the expectaction that “hotter is

better” need to be qualified);

® inthe case of p(0)/(p) = 2.5, stability is found even without the Kruskal-Oberman
term, while for p(0)/{p) = 3.0 this term is important for stability when p; > 0.3;

® with more peaked pressure profiles, stability is limited to p1 < 0.36 for
p(0)/(p) = 3.5 and p1 < 0.30 for p(0)/(p) = 4.0.

® while appealing - many potentially important terms can be computed
self-consistently -, this semi-analytical approach has its shortcomings as the
various terms in the generalized potential energy are computed in an
approximated way (albeit significantly improved with respect to other formulations,
such as that implemented in the so-called Porcelli model). More analysis is
required to benchmark approximations, in particular for the fluid MHD term that
represents the effects of shaping of the magnetic surfaces. Internal m=1 Modes in Ignitor — p.9/9
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