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1 Introduction

This document compiles notes on the plasma current density and its individual
components as defined in JETTO. The derivations present any simplifying as-
sumptions made. Unless stated otherwise, Gaussian units are used throughout
this document, which is what is used internally in JETTO and in the JETTO
manual [I]. As a general flux surface coordinate, we will use the non-normalised
JETTO p in the derivations, defined as

P =1/ \I/tor/(ﬂ'BgeO)v (1)

where Wy, is the total toroidal magnetic flux, and B, is the vacuum toroidal
magnetic field at the centre of the midplane (at R = Rgeo = (Rimax + Rmin)/2)-

1.1 Derivations

1.2 Magnetic field
JETTO assumes that the magnetic field can be expressed as

1
B =FV¢+ -V x Vg, (2)

where F'(p) = RB, is the poloidal current stream function, ¢ is the toroidal co-
ordinate (V¢ is in the clock-wise direction), and W, is the total poloidal magnetic
flux. This exact form of the magnetic field follows from assuming an axisymmetric
equilibrium in MHD force balance. To show this, we note that the MHD force
balance

for an arbitraty flux label o, implies that both J and B lie in a plane perpendicular
to Vp, i.e., they are tangential to the flux surface. Combining J - Vo = 0 with
Ampere’s law, neglecting the displacement current, yields

(Vx B)-Vo=0. (4)
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We choose to write the magnetic field on (normalised) covariant form according
to
B = h,B,Vo+ hgByNV0 + hyBsV ¢, (5)

where 6 is an arbitrary poloidal coordinate, and
= Vo™, hg= VO™, hy=|Vo|”" =R. (6)
Inserted into eq. yields
(V(hQBQ) X Vo + V(heBy) x VO + V(hgBy) x ng) Vo=

(VO x Vo) -V(heBg) + (V¢ x Vo) - V(hyBy) =

% (—a%(heBe) 389(%3@) =0, (7)
where
7= (5% %) 56 = ((vexve)-vo)” )

is the Jacobian. From axisymmetry, the first term of eq. vanishes, and the
equation simplifies to

0 0
59 1eBe) = 55(
Since R and B, are independent of ¢ due to axisymmetry, and RB, is independent
of 0, it follows that RB, is a function of ¢ only, i.e., it is a flux label. We define
this flux label as F'(¢) = RB,.
The poloidal field has to be tangential to the flux surfaces by definition, i.e.,
it is perpendicular to both V¢ and Vp. A scalar field 1(p) can be chosen such
that

RBy) = 0. (9)

Bpol = V(b X V'lb, (10)

where 1) = 0 on-axis. We can then compute the poloidal magnetic flux as

27 1]
\I’pol(@):/S( ) db*-Bpol:/0 dd)/o dg TV - (Vo x V) =
plo

[ el N O2ﬂd¢/09d§i—zg=2ﬁ/ow(g)dzﬁ:

Wpo
i) & ¥ =22, (1)

where Sp is the surface at a constant 6 (oriented in the V6 direction) spanning
from the magnetic axis to the flux surface p. Combining the above conclusions
results in a magnetic field on the form of eq. .
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1.3 Flux surface averaging

Many parts of the derivations deal with flux surface averaged quantities. In
JETTO, it is defined as the volume average of the quantity in a shell surrounding
a given flux surface, in the limit of the thickness of the shell going to zero. For
an arbitrary scalar field f(R,z) (independent of toroidal coordinate ¢) the flux
surface average is defined as

1 p+dp ptdp
lim d =1 d
(f) = 5050 V76 p / Vi 0 VI fgs / '0 |VP|

v 2R v ds
= - f{ de f=-22 7{ /i (12)
V' Jas [Vl V' Jas Bpol
where any primed quantities are derivatives with respect to p. Setting f = 1, it
can be identified that

‘I// —1
—Bo = ( f af ) . (13)
vV 08 Bpol

The flux surface average of the divergence of an arbitrary vector field A (in-
dependent of ¢) can be written as

1 [eror 1
(V-A) = lim / dVVA——hm— f dS-A—](dS-A =
dp—0 Vlép |7 dp—0 5p S+6p )

iﬁfds-A:iﬁf a0 4 gy =
) oS

V' op V' op IVV]|
1 0 \Ifgolj{ l4 ) 1 0
-9 A-v) = = Za.-vv, 14
v'ap(v' s Byo @viop v (14

where Y is the surface of the flux tube at p, oriented radially outwards, and X+ dp
is the surface of the perturbed flux tube located at p 4 dp.
A scalar field f integrated over the cross sectional area is

Jasi= [T f gar=n [T f ke
% 0 " ‘\;<£>:%/dv<£>. (15)

Another useful relationship can be derived from the definition of the safety

factor P 9 5 r
tor
1 a\ijol a\ijol /S a\Ilpol /S R @)
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1 0 1 0 vl FAV! FAV!
— dV F(R™%) = — dw
21 OV 01 /V VERT) 21 OV 01 / v 2V

pol
Vi _ FA
Vv’ 27q’

where we have introduced the definition A = (R~2). Furthermore, it can be shown
that

(16)

FAV' 3\11 1 0y V! B
= PO T=U = 2 Booo & = _B%
2m pol Op 0V, tor TP 472p  FA

(17)

1.4 Plasma current

The total plasma current inside a flux surface is defined as (from JETTO manual [I],

eq. (2.6)):

Iy = 327r4

where c is the speed of light, ' = RBy, A = (R7%), K = (|[VV|*/R?), and « = 1/q.
To show this, we start from Ampere’s law, without the displacement current:

FAK., (18)

C

C
b= B = j{ 0 (Vo x V). (19)

Since d¥ is tangential to the flux surface in the poloidal plane, it is perpendicular
to both V¢ and V¥, and eq. simplifies to

c c d¢ c dl |V,
I, = — B —B, = B =
P A dé pol = 47r]{ Bpot P 1673 fgs Boo R?

C \Iji)ol f d€ |VV|2 B cC ‘ijol |VV|2 B cC \IIpolK (20)
1673 \ V'’ o5 Bpol  R2 1673 V! R /1673 V'

Using this together with eq. yields

FAK
I,=— FAK.. (21)
3271t g 327r4

1.5 (J-B)
Equation (3.2) in the JETTO manual reads

cF3A 0
<J B> map (AKL) (22)
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In order to derive this, we again start from Ampere’s law:

4 1
%J:VXB:VX (FV¢+§V¢><V\DP01) — VF x V¢ +

% ((V\I/pol V)V + VoV, — (VW - V)V — V\I/m%) =

2 F 1 10U, 1 OV,
—2 B+ — | VAU, — =2 SR LY g
vl T o Kv 'R OR )w R> 06 }

2 . lalppol . ia\DpO] a_f%
(v Yoo = B or )V T R ar do

2w F’ 1 2 0V,
-= Bpol+—7T(V2‘I’pol - pl>v¢:

. 2 R OR

2 F R? VAN
S B+ V- po . 2
v, bol + 5V < 3 )w (23)

It follows that

J.B - _cF’égol i ‘ AVAVSS| _c FY. AVA!ZS B F|VU 2 _
20, 8m? R? 82 R? LAY
c VU,.\ VEF-VU,,] cF?_ (Vi
@{FV'( R? )_ R? ]: s \FR ) (24

Taking the flux surface average of the above expression yields

CF2 YA 1 CF2 0 YA 1
.BY = — . po - - = . po _
2= (v (7)) & s (7 (7))

cF? 9 (Voo [IVVIE\Y  cF? 9 (KV,,\  cF? 2<AKL> _
8m2V'dp \ FV' \ R? C8m2V'op \ FV! 1673V Op i)
cF3A 0
— —  ~(AK.). 2
647T5pBgeo 8P( L) ( 5)

1.6 Current diffusion equation

By using Faraday’s law together with the definition of the magnetic field in eq. ,
it can be shown that [3]

a\ijol
ot

2mc
= ﬁ<E - B). (26)

‘I’tor
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From Ohm’s law follows that
E-B=n(J—Ju)- B, (27)

where Jyp is the non-inductive current density component, and J is the total
current density. Inserted into eq. yields

OVl
ot

_ 2;;” <<J .B) — (Jx1 - B)). (28)

‘lltor

The flux surface averaged J - B is

A 9 2 2p2 19
a9 (Am) s Ty.By=_"_-
@ 64759y Op 327 By p Op

FA
where ¢ = 1/q. Inserting eq. into yields

OV o1 A%y 10 2men
= - (AKL Jwi-B) =
ot |y  327'B geopap< ) A i B)

(J-B) = (AKL) (29)

o0 0V
ot O, Ot

1 10 0V
Toor QWBgeopap ot

‘I’tor

10 AF%n 10 cn
= Lo (647r532 pa_/)(AKL) BgeOFA<JNI B >) (30)

geo

Substituting u; = Bgeo AK L/ Rgeo into eq. (30 yields

1 aul U1 0
AK ot  A2K20t

(AK)

10 (AP 10w cn
-2 _ .B)). |
pOp ( W >) 3y

6415 B2, p Op  RgeoF'A
In JETTO, it is assumed that the second term of the left hand side is small in
comparison to the first term, i.e.,

1 6u1 1 0
tom 19k 9
oo > Ak ar A (32)

which yields the final expression for the current diffusion equation, as implemented
in JETTO:

1 Ouy 10 < AF?n 10u on

_— - — J ° B .
AK 31}. pap 647T5B§00 p ap RgeoFA< NI >) (33)
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1.7 Loop voltage

The loop voltage can be computed as

Vioop = —% d¢ - E, (34)
Curs

where Cypg is the clockwise closed curve where the midplane intersects with the
last closed flux surface on the high field side. By adding a curve C,y in the
clockwise direction along the magnetic axis, we have

1d

‘/ioop dt

s B- f{ 4 E, (35)

where ¥ is the ring shaped surface bounded by Cyrg and C,, oriented downwards.
The first term is (assuming a fixed boundary shape)

1 dVo1se F? 1 0 2
— Z7polsep _en (AK) — L77<JNI B) (36)
A . @) 3274 Bgeo p ap . FA pes
If we substitute g = Bgeo AK 1/ Rgeo into the above equation, we find that
1 d¥p1sep cF? N Rgeo 1 Ouy 27‘(‘7}
- — = - Jni - B 37)
c dt Brorsep 327T4Bg260 p Op e F A< ) P (
The second term of eq. is
~ [ 46 Rt = Tstan) = =20 Bl o = - (39)

The on-axis current densities can be written in terms of the JETTO definition of
current density using eq. :

Bax B

']zz),ax = B_Jz,axa JNI,aX = B_Jz,Nl,ax' (39)
geo geo

The total loop voltage then becomes

cF?NRyeo 1 Oy 27T77
Vioop =0 <JNI B> -
32miB2,, p Op pen FA pees
Bax
27TRax77axB (Jz,ax — Jz,NLax) ) (40)
geo
or in SI units
F?Rgeon 10wy 2mn
Vieop = g0l Z Jni - B —
oop 8310 B, p Op FA< - B) pees

Psep
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Bax

27rRax77axB_ (Jz,ax - Jz,NI,aX) . (41)
geo

JETTO appears to only include the terms corresponding to dW,./d¢, see [4], so
it should be checked if the on-axis integral over E also needs to be included. A
more compact way to express the loop voltage is

(E-B) [
FA |,

p=0

which follows from the fact that FoxAa. = Bax/Rax-

When the loop voltage is set to zero as a boundary condition, eq. implies
that (E - B)/(FA) is forced to have the same value on-axis as on the separatrix.
Since the separatrix value, being proportional to d¥,./d¢, vanishes in stationary
conditions, the on-axis F) has to vanish at the same rate. This implies that the
on-axis inductive current goes to zero, whereas it can remain non-zero when the
on-axis terms are excluded from the loop voltage definition.

Vieop = 2 (42)

2 Current conversions

This section deals with conversions between (J - B), J, and Ji,, where J, is the
JETTO definition of the current density, and Jio:(p) is the more conventional
definition of the toroidal current density profile. Conversions for the total plasma
current and for microwave current drive (such as ECCD and EBWCD) are handled
separately.

2.1 Conversion from J, to (J - B)
2.1.1 Total current
The JETTO definition of the current density is

I c 0 c 0
J, =" = —(FAK.| = F—(AK F'AK.) . 43
2mp 647 p 8p< L) 647 p ( (9p< L) + L) (43)

Using (J - B) from eq.

cF3A 0 ck 0 Bgeo
By <4 9 g _ Zeeoy g, 44
- B) = G B ap<AK‘> < 647r5pap(AK‘) pag Bl ()

inserted into eq. (43), results in

Bigeo cF'AKt  Bgeo F

JZ:F2A<J'B>+ 6177 _F2A<J-B>+ I, =

2mpF P
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F2A F’ F2A 1 OF
O (Jz _ WFIP) - ( - ﬁa—p?fp) S @)

The last step removes the singularity at p = 0, assuming that O(F’) = p" for
n > 1.

2.1.2 Microwave current drive

For EC/EBW current drive, the driven current is parallel to the magnetic field,
and the quantity J/B is a flux function [2]. The second property is derived in
Sec. . These properties makes a different relationship between (J - B) and J,
compared to eq. . Based on these assumptions, (J - B) can be written as

J (J-B)

(J-B)=(JB) = <é32> = é<32> o 5= B (46)

(J - B) can also be written as

@By =B = {B2) =y + ()

¢

:F<%>+é<3§d> F<%>+ <{é§> (B2) & F<%> -

(J-B) (1 - %) = (J-B><BQ><f¢<>B2 ;= (J-B) (1 + &) . (47)
@ pol

We note that

FQ
(B3) = <§> = F?4, (48)
<32 >: 1 |V\DP01‘2 — 1 ‘1;;)01 ? ‘VV|2 _ K \11;01 2 _
pol/ ™ 42 R2 42 \ V R2 dm2 \ V'
F2A’K
167T4q2 ' (49)
Inserted into eq. yields
Jy AK \ 7!
F(—)=(-B)|1+ ——
(7)o (1 5g) =
Jo AK
<J-B>—F<E> <1—|—W>. (50)
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The JETTO current density can be written as

1ar 19 10 T V')
Jo=—=— 2 a8, = — = [av{Z2) = Js
2rpdp  2mp 8/)/ * @ 4r2p 8p/ <R> 4m2p < R> 1

)

Bgeo Jd) J¢ FA
e 20N — . 1
FA<R> < <R> By (51)
Inserted into eq. (b0 yields
F2A AK
J - B)=—J, (1+——|. 52
< ) Bgeo < * 167T4q2> (52)

The first term of eq. is identical to the first term of eq. , but the second
terms are different. In JETTO, the second term is ignored when converting
between (J - B) and J, for the microwave driven current components. That
assumption is equivalent to

(B) > (Bpa)- (53)
Using egs. and , eq. can be simplified as
J, J.(B?
(7-B) = (182 + (82 ) = 2L (54)
Bgeo Bgeo

with (B?) being replaced by (Bj) when neglecting the second term of eq. .
Using eq. , the flux function J/B is simply expressed as

J J,
B . 55
B Bygeo (55)
2.2 Conversion from (J - B) to J,
2.2.1 Total current
Equation (45)) can be rewritten as
F’ 1 F’ B
J, — I, = I - —1I,|=>-°(J B
2pF P 2rp \P T F p) Fagtl Bl =
1 F’ 0 (1 2mpB
I -] = (2) = £°(J - B). 56
Fr  p27? 8p(F F3A< ) (56)
This gives the total current inside p
P
_ p{J - B)
Ip = QWBgeOF/O dp W ﬁ, (57)
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which results in the JETTO current density

. /
J_ Buld -B) | ByF / 45 P B[
F?2A p 0 CFSA |
Byeo(J - B) OF [* _ p(J-B)
Zeeo\l " 3) o 9T P 3)
FPA e / Tyl (58)

An alternative form of the integral term can be derived using eq. in eq ,
which yields

 BuolJ-B) 1 OF
J= =g +27r23p2/ dp

ByolJ-B) 1 9F
~ A T aop / dv

%u B) -
v

B) (59)

F2

2.2.2 Microwave current drive

To write J, as a function of (J - B), we simply rewrite eq. as

Bgeo AK 7!
1 . B).
F2A ( * 167r4q2) - B) (60)

J, =

2.3 Conversions between J. and J;,,

Jior 1s the toroidal current density averaged over the poloidal plane. It can be

computed as
!
Jtor = % = ]P - 27ijz>
as s S’
where S(p) is the cross sectional area inside the flux surface p. S’ can be written
as

(61)

1 !
g-9 [as = —ﬁ/dv (R = Y (r, (62)
dp Jg 21 Op 2
Inserted into eq. (61)) yields
472 FA
Jtor - il Jz- (63)

VIR @ BealT)
This relationship holds both for the total plasma current and for any individual
current component. The flux surface averaged R~! is not available in the JSP
outputs. However, it can be computed from S’, where S’ is evaluated with a finite
difference method.

FA 2mp FAS FA dS

= = = —. 4
Bgeo(R71) S’ & (F7) 27pBgeo  TBgeo dp? (64)

The final step eliminates the on-axis singularity.
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3 Microwave current drive and normalised cur-
rent drive efficiency

3.1 Properties of microwave current drive

Microwave current drive, such as that driven by EC and EBW systems, has the
properties that the driven current is parallel to the magnetic field, and that J/B is
a flux function [2]. The second property follows from the first property combined
with the fact that the microwave current drive does not perturb the charge density:

 ope B JB\ AN B
Vid=-Z 0% V. J=V (B>_B V<B>+B/V/B_

B-V <é) =0, (65)

where p. is the charge density. Equation implies that J/B is constant along
the magnetic field lines, and by extension constant along each flux surface.

3.2 Normalised current drive efficiency

3.2.1 Luce definition

Fisch [5] showed that wave driven currents typically scale with the thermal electron
collision rate. A dimensionless current drive efficiency ¢ = Jio;/Q is proposed by
Luce, et al. [6], where

Jtor = 66
’ ENeVtn (66)
and 0
) = 67
@ NeT Ve (67)
are the normalised current density and power density, respectively,
2T,
= 68
Uth - ( )
is the electron thermal velocity, and
neln A
Vo = e (69)

[$] - 2 2
dmregmivy,

is the electron collision frequency. Note that the above equations are presented
in SI units rather than Gaussian units (with 7, in units of energy), which is
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relevant for the normalisations done later. Inserting the above relationships into
the definition for ( yields

_ Teve Jyor en T In A Jior B In A e®ng Jior
Cevm Q dretm2vl, Q 16T T, Q

(70)

-3
9

If the above formula is modified such that n. is expressed in units of 10 m
and T, is in keV, we find that

C— (101662) InA Te,19 Jtor

€2 167 Toyev @

(71)

The constant within the parentheses has a value of ~ 3.27 in SI units. Thus, (

can be written as
InA ne,19 Jtor

=327 X — .
C 167 Te,keV Q
Note that the expression becomes undefined in regions with no power or current
absorption, i.e., Jior = @ = 0. In [6], it is assumed that the current drive and
power absorption are well localised in a region dp around a flux surface p,ps, with
a total driven current I = Ji,,0S5 and total power P = (Q0V. We then find that

(72)

Jun LV IV T 2
Q P&STPS @ P(RY

(73)

Inserted into eq. yields

In A 1 Ne 19(pabs) I
= 3.27 X . —. 74
¢ S (R Torew (pun) P (74)

The profiles ne19 and Tt key should now be evaluated at the absorption surface
Pabs- Assuming a negligible Shafranov shift, (R~1) can be approximated with R,y
for any flux surface. Furthermore, we drop the dimensionless factor In A/8 (but
we keep the dimensional constant 3.27), which yields the final expression for { as
derived in [6]

Raxne,19<pabs)

I
= 3.27 X —.
C Te,keV(pabs) P

(75)

3.2.2 JETTO definition

The JETTO extra namelist parameter ECCDNORM defines the EC current drive
efficiency (and conversely EBWCDNORM for EBWCD). Depending on the value of
ECCDRHO, J, k¢ is computed differently from ECCDNORM.
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ECCDRHO = -1:

Te e normP
J,.60 = 1000 x ECCDNORM et @nCom Peeamw oy (76

Te,19
e ECCDRHO = -3:
Te e I'IOI'I’I’IP
J,.gc = 1000 x ECCDNORM=* v, EOMW (77)
Te,19
e ECCDRHO = -4:
Te keVQEC normPEC MW 3(1 - ft)

J, = 1000 x ECCDNORM— : : X , 78
e Ne,19 2+ Zeff ( )

e ECCDRHO = -5:

T¢ kev @QEC norm Prc,Mmw 3
J, 5c = 1000 X ECCDNORM—2 ’ ’ , 79
e Te,19 2 + Zeﬁ ( )
where
Psep -1
QEC,norm(p) = QEC(/)) (277/ dﬁ QEC(ﬁ)ﬁ) (80)
0
is the normalised EC power density, and
1 _ 2
f=1-— (1=¢) (81)
(14 1.46y/€)V1 — €2

is the trapped electron fraction, as a function of the inverse aspect ratio ¢ =
Amin/ Rgeo- The options ECCDRHO = -2 and ECCDRHO € [0, 1] rescales an input
ECCD density profile to a given total current value (the ECCD density profile is
assumed to be available in the ex-file). When ECCDRHO = -2, the ECCD current
is the value of ECCDNORM (in A). When ECCDRHO € [0,1],

Te,keV (ptor = ECCDRHO)
Te,19 (ptor = ECCDRHO)

Assuming that ECCDRHO is the flux surface of maximal EC absorption, eq. is
equivalent to the Luce definition of eq. , where

1000 305.4
ECCDNORM = = .
3.27RaxC Rax ¢ (83)

This relationship also holds for ECCDRHO = -3, assuming that Qrc = Prcd(p —
pabs)/(AV/dp), and J,gc = Ircd(p — pans)/(27p), where 0(p) is the Dirac delta
function.

There is also the option to assume a p dependence to ECCDNORM using the extra
namelist setting ECCDNEX = 1, which reads the ECCDN profile from the ex-file and
overrides ECCDNORM for the ECCDRHO options -1, -3, -4, and -5. In addition, the
option ECCDNEX = 2 assumes that ECCDN is a profile in (, relating to ECCDNORM

according to eq. .

Igc = 1000 x ECCDNORM

EC,MW - (82)
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3.2.3 Wilson definition
For high-f3, strongly shaped plasmas (e.g. spherical tokamaks), we have that

Ry (R™) > 1, (84)

with the value being equal to 1 on-axis, and increasing with increasing p. For a
given value of ¢, which is equivalent to a constant ECCDNORM value with ECCDRHO
> 0 (and equivalent to ECCDRHO = -3 for a narrow absorption region), this means
that the driven auxiliary current might be underestimated, supposing that eq. (74)
is valid. This is especially true for off-axis current drive, such as that predicted for
EBW. Conversely, if ¢ is computed for a given predicted current density, the value
of ¢ would be overestimated using the Luce definition. To correct for this, Wilson
suggests to replace R, with 1/{(R™') in eq (75). Thus, the corrected normalised
current drive efficiency would be

Te 19 I

*=32TX —7—
C <R71>Te7ke\/

(85)

P=Pabs

Note that the constant prefactor can be any value, as long as the same factor
is used consistently. Here, the prefactor 10'%? /e ~ 3.27 has been kept to make
sure that (* remains dimensionless, and that it agrees with the Luce definition on-
axis. For a profile of current drive efficiency, according to eq. , the microwave
current density can be computed as

2m Teyev (p)Q(p)
Jior(p) = ooz X (F(p) =2 , 86
t (p) 327 X C (p> ne,lg(p) ( )
or, equivalently
J. = 1 % >kT‘e,keV SIQ _ 1 « *Te,keV V/<R71>Q o
“ @©1) 3.27 Ne19 P 3.27 Ne. 19 2mp )
2m *Te,keV Bgeo<R71>Q
527 % e FA (87)
4 Summary of suggested updates
4.1 Current diffusion equation
In eq. (30), it was shown that
o 10 AF?n 10 cn
Ao LT 29 AK)— Jxi-B) ).
ot pop (647T5B§eo pap< ‘ BgeoFA< NI >) (88)
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When substituting 11 = Bgeo AK 1/ Ryeo into the above equation, you get

1 aul _ Uy 2
AK ot  A2K?20t

(AK)

19 ( A% 10w, cn (39)

= —— - — Jni-B) ).
pdp \64°B2,, p 9p RgeoFA< N >)
In JETTO, the second term of the left hand side is not included, which is based
on the assumption that

1 8u1 1 0

—— > ——(AK). 90

uyp Ot AK at( ) (90)
Including the term should not impact the stationary solution, which states that
the right hand side is zero, i.e., the quantity inside the 0/0p derivative is constant
in p. But it could potentially impact the inductive current solutions in transient
stages, or impact the time scales on which the current density relaxes to stationary
conditions.

4.2 Loop voltage
It was found in eq. that

cF*nRyeo 1 0uy 2mn
Vioop: 50— - _<JNIB> -
32miB2,, p Op oo FA pees
Bax
27rRax77axB_ (Jz,ax - Jz,NI,ax) . (91)
geo

The JETTO definition of the loop voltage only includes the first two terms
(see []), which is proportional to d¥,./dt. Consequently, the first two terms
will naturally cancel during stationary conditions (dV¥,,/dt — 0). When setting
the loop voltage to zero as a boundary condition, it means that J, .« and J, niax
would simultaneously cancel in stationary conditions, i.e., the on-axis inductive
current vanishes. No such cancellation occurs when the on-axis terms are not
included.

4.3 Conversions between (J - B) and J, for microwave cur-
rent drive

It was found in eq. that the relationship between (J-B) and J, for microwave

current drive is = K
J - By=—J, (1+—|. 2
< ) BgeoJ ( + 167T4q2) (92)
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When JETTO converts between (J-B) and J, for the microwave current drive (EC
and EBW driven current), the term AK/(167%¢?) is ignored. Including it would
increase (J - B) by a factor 1+ (BZ,))/(B3) relative to .J.. While this correction
factor is typically negligible, it could in principle perturb the stationary solution

of the current diffusion equation, including the inductive current component.

4.4 Normalised current drive efficiency

The JETTO definition of the current drive efficiency agrees with the standard
definition as derived in [6] for well-localised EC and EBW absorption. However,
the derivation of this current drive efficiency relies on the approximation that
R.(R™') = 1, which is a good approximation for large aspect ratio plasmas,
but generally not for spherical tokamaks. A modified rescaling of the microwave
driven current I [A] relative to the power P [W] is suggested according to

1 <R_1>Te keV
[=—— x (*p - LrekV 03
3.27 % C Te,19 ’ ( )

Pabs

where (* is the normalised current drive efficiency at the absorption surface p,ps.
The corresponding relationship between (the JETTO definition of) the current
density J, [A/m?] and the power density @ [W/m?] is

2m *Te keV Bgeo<R71>Q
= X (F— .
3.27 e 19 FA

J, (94)
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