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TORIC v.5 code Alcator C-Mod case NSTX case
e The TORIC v.5 code solves the wave equation for the 'Y'a'” parameters. 10 e Main parameters: ro(X10*%) om-?
. . ] Plasma species: electron, D, and minority H (4%) 1:n,e X cm™— ® B.=053T I, = 868 kA n. 2_;w
electric field E: : fT = 54T7 " ' T ® 7.0)=1.1 eV, ne(0) = 2.5 x 10'3 cm—3 :
. . . p =10 T ° ® T5(0) = 1.1keV, Tp_np1(0) = 21.4 keV o | T,
e TORIC v.5 uses a Maxwellian plasma dielectric tensor ® T.(0)=2T6kev | ® 1 nr(0) = 2.01 % 1012 om-? 1 np e I
47T'l ® n.(0) =1.78 x 10 cm ® TORIC resolution: nmed = 31, Nelm = 200 ST 'p 1 | p 1' v
p— P ® T; (O) = 2.2 keV ' ' ' ' ' ' po po
8 p— I I o — I —I_ X D.H . Ppol Ppol
! W ® TORIC resolution: Nymeq = 255, Mol = 480
. TWOJOFSC(\:/-5 S versions: Test HHFW: Maxwellian reference case
— TORIC: IC minority regime :
. Test ICRH: Maxwellian reference case
m FLR corrections Only Up to the W = szi Reference: Re(E_) Numerical: Re(E_) Reference: Re(E)) Numerical: Re(E))
— TORIC-HHFW: High Harmonic Fast Wave regime ) - -
: : : _ ical: _ Ref : Re(E Numerical: Re(E o ]
m Full hot-plasma dielectric tensor employed Reference: Re(E-)  Numerieal: Re(E-) elorence: "eUB - Tumerieak FeUE) I I
m The k? value in the argument of the Bessel functions ! . ! - Eiii I- .
is obtained by solving the local dispersion relation for| &= . R = Loy | R R T .
FWs .
e Principal author M. Brambilla (IPP Garching, Germany)
"""""" Absorbed fraction | Reference | Numerical
D 0.22 0.22
Reference: Re(£ ) Numerical: Re(E}.) D-NBI 73.88 73.58
. - . ; Absorbed fraction | Reference | Numerical Electrons 25.90 26.21
ICRH minority regime: Beyond Maxwellian - - ZndHamonicD | 10.98 | 891 Resolution used for x: Ny, = 100 and N,, = 50
{;L =LIZZ /‘ Electrons - FW 17.35 1721
e Electrons -IBW 8.53 8.38
FLR non-Maxwellian susceptibility in a local coordinate (Stix) Resolution used for x: Ny, = 500 and N, = 100 _ _ _ . _
frame ()A(, 5}, 2), Wlth 2 — b, k R 5} — O, to Second Order In llllll HHFW reg‘mes- BI-MaxweIIIan dlStrlbUtlon
kiv)/wc
W T \ \ fo(vy,vi) = (2m) 72 (v, v, 1)~ exp[—(v)/vm,))* — (vi/ven,1)?]
Xow = —2 > (A10+ A_19) — > (A11+A_11) + Py (A21 + A—2,1)] . _
o? 1 N with Vth,|| = \/ZC||T(¢)/mD, Vth,1 = \/ZCJ_T('(p)/mD, with constants C” and C |
Xey = —Xyo = i-25 [5 (A10 = A-10) = A(Ara — A1) + 5 (Azs — A_z,o] ICRH application: Bi-Maxwellian distribution ® ForC. =1andC = {.5,1.,3.,5.}, Po_np1, varied by less than 1%
2 1k by
Xez = +TXzz = —Xyz = w::’ (§f> [(31,0 + B_10) — A(By1+ B-11) + 5 (B2, + B—2,1)] — for small C}, the absorption profile tends to be localized to the resonant layers
2 — —3/2 2 -1 — 2 _ 2 C,=1,C =0.5 C,=1,C =1 C,=1,C, =5.0
Xyy = wz’s [2>\A0,1 + % (A10+ A_10) — % (A1x+A_11) + % (A2 + A—z,l)] fH(v”, ,UJ_) (27T) (vth,”vth,J—) eXp[ (v”/vth,”) (,UJ_/,Uth’J_) ] lmo.o ] ” ) ” ] ”
2 . L L . 75.00
Xyz = —Xzy = iw(z’s (%) [Bo,o — ABy,1 — % (B1o+ B-10) —A(B11+ B-11) with byl = \/2C”T(w)/mH, L = \/20J_T(¢)/mH, with constants CH and ¢, =2:22
A ® ForC, =1andCj = {.5,1.,3.,5.}, Pu = {61.27%, 70.50%, 90.46%, 94.18%} o F
-2 (B2, + B—2,1)] W/em?/ MW =
— for small C), the absorption profile tends to be localized to the resonant layers =
2w§ +o00 +o0 V| [
Xzz = k”wi [(1 — A)Byoo + /_oo d'v||/0 dmmzfo(vn,m)] C,=1,C;=0.5 C,=1,C =1 C,=1,C =5.0
Aw? | w— w, w + we 1 (kv l;:(;z 30
+ 5 wp [2 k”wi Bl,O + 2 k”wi B—1a0] A\ = 5( o ) .g:zzztoj /\ 70 :O[ii;)130 70 1290[;11;?130 70 :O[i;;)130
Mo g 10 ® ® ForCy=1andC, = {.5,1.,3.,5.}, the corresponding
. o . . W/em? /MW = Pp_~p1 = {70.06,73.56, 62.84, 48.48
Evaluations of the FLR susceptibility requires computation of . 10 b-nBI = { !
two functions A, ; B, ; ,forn = —2...2, 53 = 0, 1, which _s0 |
are v, moments of resonant integrals of f()(’(,b, Bi-’ V) ’UJ_) 55 65 75 55 65 75 55 65 75 SIOWing-dOwn diStribUtion
min R [cm] R [cm] R [cm]
Ay > 1 1 oo ® ForCy=1andC, = {.5,1.,3.,5.}, P ies by | than 2% (D
with ’ %14_(,01/,0 )3 for v < Um, .
1kjw? 8o kjv| fo(v,ve) = % “ Um = v/2Ep_np1/mp
Hoopes) = 37t g = (1= 70 Ao ’ orv > b
. 1kl afeut (K v? TORIC-CQL3D coupling 2
1('U||7 vy) = 2 W 3’0” 'wjl_ - ( - T) fO(vHa'UJ_)w—i | A = 3/[47‘(‘ 11’1(1 —+ 5_3)], 0= :—;, ’US = Sﬁ(me/mD)Zeﬁ'vfha Lot = Zions Zfrizj:i
and W = /°° o /+°° 2oL o? fo(o, 1) For Zex = 2 and Ep_ngr = 30, 60, 90, 120 keV —>
e 0 Quasilinear diffusion coefficients with FLR approximation are Pp_ng1 = {77.84%, 75.85%, 70.97%, 64.71%}
derived and implemented in TORIC — Similar behavior when varied C', in the bi-Maxwellian case
: - — Fast ions absorption should decrease with something like Tf;i/iins (?)
. - ® .
HHFW I‘eglme: Beyond Maxwelllan Power abSOrp“On by W and. <J E> Ep_nBr = 30KeV  Ep_nBr = 60KeV Ep_npr = 90 KeV  Ep_nBr = 120 KeV
JCE=W+V.T oo
Local coordinate frame (x,y,zZ) withz =bandk -y =0 e TORIC uses FLR expansion - 20
. b . = 0
(Stix) e W = (J - E) at the zero order in FLR " 20
W/ ecm3 /MW
_ w;z)s/+002 q /+ood AA’U_ﬁ i@f B 1 8f n o 4o -40
Xs = w Jo ToLanL — 50 v”ZZw v|Ov; vy 0vy . W = / 1Re(E* + J)|w=0 "0 70 90 110130 70 90 110130 70 90 110130 70 90 110130
wz too Lo 1o vJ_U :} B . V0227r de R [cm] R [cm] R [cm] R [cm]
ps 1(mo—my r
t w /0 2moLdvy /—oo dv”n;oo [w — k||’v|| — nQCSTn B E ;1 ;2/0 B- VHe ( : [E—i_(ml)Im(L)E_i_(mz)}
where W o de S wz,s u, Ofos w -
_of k[ of _ or\ = 2V | g B () [Z oy [ ou. o ww —a| ™) | TORIC + P2F code: Maxwellian case
v, w L81)” | v, T me >
an%(Z) ind,(z)J! (z) nJ2(z)v) ) -
T — indo(2)J4(2) (J’ (zz))z () L kivy Procedure: ne(p = 0) = 2.5 x 10> cm™
" w2 (yoy () (2)o J2(2)07 T T Qo 1. generate particle list representing a Maxw. | Te(p =1) = 2.5 X 10** cm™>
e oL vZ Initial results on TORIC-CQL3D iteraction 2. run P2F to obtain a distribution function To(p=10) =1 keV; Te(p=1) = 0.1 keV
: : : : : 3. pre-compute x with f above npr(p = 0) = 2.0 x 102 cm—3
e Integrals in the v)-space with the singularity function 4. run TORIC with pre-computed x ner(p = 1) = 2.0 x 10 em—3
(w _ k”’U” _ nQCS)—l 5. compare TORIC with reference Ter(p = 1) = 20 keV; To(p=1) = 5 keV
: — Paraboli files for ne, T, and
e Sum over the harmonic number n and the k | Similar power profiles between TORIC and CQL3D over T, Tz?psz g;:i ;;IT) \ _:;;5 E“Im
i i iterations are found = k ’ | ’
dependence in the argument of the Bessel functions % . __ Reference  __ 2k particles
e Evaluate six components of I, e for Alcator C-Mod shot 1110217027 with Prr = 1 MW 2 . |
g . — Sk particles __ 10k particles
= 100k particles —_ 1M particles
(@]
Step O Step 1 Step 2 2 s
) ) I —___________ - 5 Total power differs by less than 1%
X IS pre-computed to reduce TORIC runtime g  SAAaL among 10k, 100k, and 1M cases
L0 02 04 _ 06 08 1
pol
e A set of [Ny files is constructed, each containing the L | _ _
principa| values and residues of X for a Sing|e Species on o o NUBEAM pal‘tIC|eS IlSt (NSTX shot 141711 WITHOUT HHFW)
a uniform mesh ((v), @) and (v, 8, N ) for ICRH and Step 4 Step 5
HHFW regimes, respectively), for a specified flux surface -
. o _ o O'SE.:/ Abs. fraction | f Maxw. | f non-Maxw.
o ]:f(lfv”, v, ), ﬁ sp.ecn‘llgdeln fun;tlonal form at the minimum "3 Eloctrons | 41.80 % | 37.99 %
ield strength point B(6) = Biin 0N ¥; 293 D-NBI | 53.94% 5812 %
" b st e " b ECC R " b S o " B B v X 10° m/s] ' i i 0
® An InterPOlatOr returns the Components of X - Larger Pp_ngi is expected due to a larger f tail formed by the RF application
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