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CORRIGENDUM

Electromagnetic zonal flow residual responses -
Corrigendum

Peter J. Catto”+, Felix 1. Parra and Istvan Pusztai

doi:10.1017/S0022377817000472, Published by Cambridge University Press,

Regrettably there are several errors in our paper. We present the corrections for the
Appendix first as they are the source of some of the errors in the main body of the

paper.

Appendix A. Endless integrals

The second term in the x — 1 limit of cos @ in (A 50) should be to the minus one
power with a prefactor of 1/4 rather than 1/2.

The sign should be positive in the last form of (A 53) and both forms of (A 54).

Following (A 59), add the remark that ‘The ¢-independent contribution of order ¢
is neglected’.

Equation (A 61) should be

_30V2 { ' dik[2E(k) — K(k)]? N /1 dkk[ZE(k)—(Z—kz)K(k)]z}
° = o I—e+2e0)?K(k) ~ Jo  [(1— &)k + 22K (k)

~ 30v/2 U dkk ) 1 X X
~ — {/0 K(K)[ZE(K)—K(K)] +/0 KD [2E(k) — (2 — KK (k)] }

~ 4.363. (A61)

T

Equations (A 65) and (A 66) should read
(MZE?)/ZnTZB(Z)) /d3vfovi(vﬁ — v?) ~ (4e — ce¥*)cos O + - - - (A 65)
and

(M*B}/2nT’B}) /d%fovi[v”v — (U} +v})/2]1 = =5ye¥?/2 — (ce¥?/2) cos O + - - .

(A 66)
Equation (A 71) must be multiplied by 2, so that x ~0.2262.
A more precise evaluation of the cos ¢ coefficient in (A 80) replaces v =5y ~8.2
by v=n""'e"? § dOI cos ¥ =7.96.
This change affects (5.15), (5.19)—(5.21), (5.31), (5.43), (5.45), (6.2), and (6.5)—(6.7).
In (5.15), (5.19), (5.31), (5.43), and (6.2), let 5y — v =7.96. In (5.20) and (5.21),
make the replacement 1 — &'/2/2yq* — [(v — 3y)/2y]1[1 — (v — 4y)e'? /(v — 3y)¢*].
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In (6.5) and (6.6), the same replacement gives final forms with 1 — (v —3y)/2y.
In (5.45), let SyA{” — vA}” and 5y®© — [v(v — 3y)/2y]®©, while in (6.2) let
Sy — v(v—13y)/2y.

3. Kinetic equation and solution

Two lines above (3.8), A, should be A, so the result reads B,/B; = (¢/q)[1 —
Al cos® + O(g?)].

5. Quasineutrality and Ampere’s law

Remove the last sentence of the paragraph ending after (5.9).
The left side of (5.10) and the beginning of the paragraph including it should read
as follows. Expanding for Q =k, v;/£2, < 1, inserting H, and neglecting & corrections

to k% p? terms, but retaining all Q?, B, and &¥? corrections to the B; and f?l(lo) terms

in (5.5), recalling ® = (®), and using unperturbed quasineutrality, the perpendicular
Ampere’s law becomes

7 mM? 3047 50 [ Bo 4nM 3.0 02—
B, +2T3%/d vfovi B — B, B, 23)) BB d vfpv | cos ¥

4nM / P ofyr? QQiB—l(Q2B*+QTB) ~ right side.  (5.10)
BB oV 075 0 0 i . .

+ X

In the Bﬁo)/ﬁ term of (5.11), the factor v; — v, should be replaced by v — By 'v By
and in the last term we use [ d’vfov;(Q — Q)(Mv?/2T —3/2) = [ d’vfyv;(Q — Q).

Correct the ‘a’ term on the right side of (5.12) by the replacement 3ca/2 — 3a/2
and then fix the left side of (5.12) by keeping B; and B corrections to read

1+ :3)(<Bu> Bﬁo)) + I}f’ 32p2 ,oplB‘(‘O) =~ corrected right side. (5.12)

Remove the last sentence of the paragraph that ends after (5.12).

In (5.13), remove the aA’ term on the left side and on the right remove the term
proportional to Bie((@) — @) and other (@) and ®© terms that are negligible in
what follows, to obtain

A ) 32 ~(0) 2 3
() kizz ye'?) | — A 1+ e ) (l—vye %)
SCU; 3/2 =(0) 3 12,5
:a2k2C2(1 78 )+ k BH + 7ﬁl klpz (@) (513)
1

In (5.14), make the replacements ay&’> — axe'/? and (@) — (P)/2 and fix the Bl(lo)
and ‘b’ terms to read

ol/2 3 l ccBiP2 o; -
<1+§ﬁ4 )b:eB(O) <1—§81/2 shi 1/2kip,,,>+gﬁq Ll )

5 48 4el/2y;
gL o 22 iye2aBk, a
—%(3—99”2) (A)) — AP <1+ = )] - e AP 19
w? 4

Following (5.14), correct the constants to read y ~0.226 and ¢ ~4.36.
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Correcting (5.15), because k% in (4.11) must be a flux function, whereas on the left
side of (5.4) k2 — k2 (1424 cos ¥), and multiplying the B{” term by 2 gives

g(e +24)w? e - a)2 ~ 0
a 72](262 Pl ~(e+24) k2i‘2< 0 — ae 2+1 A
i2g
+k—B<°> + rﬁ,qklp, Syqe™'? +4)(®) — 387, (5.15)
1
Equations (5.16) and (5.17) are the same as (5.15) and (5.13), but with the Bﬁo) terms
removed.
The large skin depth limit of (5.16) and (5.17) are
Vi~ Vi ~ opBi =
—(A)) = AP =y +i 5k pi(B) (5.18)
c c 4e
and
%a — ——(8 +2A)AP + léqklp,[(Syqz 1244y (d) — 300 (5.19)

The small skin depth limits (kjc*/w} < 1) of (5.16) and (5.17), (5.20) and (5.21),
should read

Vi % ! A0 £7\ g0
(A)) = 1— 8(8 +2A) A7 +i- ,3,8 ki ppi — 0] (5.20)
c c 2y >
and
vi 0.1 e'f? 0
—a’\“——(e—l-ZA )AL + 1= Biek, pyi O, (5.21)
c 2 2 yq*

upon using (5.9) to calculate the response to @©, because the corrections to (&) due
to A‘(‘O) are negligible (as will be found from quasineutrality shortly). Notice that at
small skin depth the relation (A;) 2;\'('0) + ea/2 holds. Keeping &'/ corrections, we

note that for Aﬁo) =0 stronger poloidal variation occurs, as (A;)/a~¢/2.

Correcting the full parallel Ampere’s law without inserting (5.9), but otherwise
making the changes already noted, (5.22) and (5.23) are the same as the corrected
(5.15) and (5.13).

Evaluating (5.12) and (5.14) without inserting (5.9), (5.24) and (5.25) should read

as follows:
5yBi 32 ﬁ, Lp,

48
» 5 k2 2
(A)) — AP <1+ Li)
a)P
and

cBe'? () S 12 :3! 272 2
<1+ 1) b=eB 1—38/ 48 e'’I py,

Gy — AO K\ | ixgBe'’kia N cngﬁikim(qg)
I I a)]% 4 4y,e!/? ’
(5.25)

(1+B)((B)) —B”) + L Sy gPe 2 4 3) (D) — 3]

igk
+161 J.:B {5)/81/2

2 2% (o)
kip p,B)

4

+ 3(1} (5.24)

_igBky
2

(3 —ge'?
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where all (®) and ®© terms are corrected. The line following (5.25) and (5.26)
should be deleted and replaced by the following sentence. Equations (5.22) and (5.23)
are only consistent with

(A)) ~A® + %a (5.26)
in the small skin depth limit, for which field lines switch between irrational and
rational when ¢, = ik pr"Al(lo) £0.

When Bﬁo) =0, the w}/k}c* — 0 limits of (5.24) and (5.25) correct (5.27) and (5.28)

to read
vi(By) ﬁlk Pi _ iSyqBe'* k2 ¢ v
kl! LGy g e £ 3) (@) — 3] - TR S AP (5.27)
P
and ) )
vib igBk’ c el i (0) sq-Bikipi , -
)4

The sentences that follow should then read as follows. Consequently, when &© =0,
we see that the ratio of the A|” terms gives b/(B) ~ —6/5y&'/%, so rather strong
poloidal variation occurs in B;. For Aﬁ(» = 0, the poloidal variation of B, is strong
since b/(By) ~ ¢ /2y ~1.3.

For B(O) =0 and B « 1, the small skin depth (a)z/k 2> 1) limits of (5.24) and
(5.25) yleld the corrected (5.29) and (5.30) to be

v;:B“ ﬁ’k“) [(Syqte 2 4 3)(B) — 360 — DET2404P v
1C 4

Aﬁ") (5.29)

and

vb  igBe'*(e +24)) 1 Vi~o . SqBikyp;
ib s 3 el Vg0 iKLpi

kic 4 e+ G =ceDePI A + =1 7
where we assume &£ > ki c*/w) > Ale’?. The three sentences that follow should

be replaced by the following two sentences. When Al(lm =0, the poloidal variation of

(P), (5.30)

By is strong with b/(B|) ~ ¢/2y ~1.33. For ®© =0, it is also rather strong, since
b/(B)) ~ x&'?/3.

The sentence including (5.31)—(5.32) should be corrected to read as follows.
Keeping (®) terms, the w? > /kic? — 0 limit gives

5 ik (D
kia— i2qB” +i : 612k, p,, PEL®) (5.31)
Vi
and .
k) (D
ki (AH)—>1yq81/ZB(O)+14 g!/? szpp,M. (5.32)
Vi
Evaluating (5.12) and (5.14) without inserting (5.9), (5.33) and (5.34) should read as
follows:
= 3 > V,Bz 3/2 2 2| BO 5)/ 12 C,BikJ_<qS>
(Bj) — [1 — 54 B — 48 kipy| By +7q8 kLppiT

_ [1 _ 2@] BO (5.33)
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and

cBe'/? S 1n §/3:122 x+3y , 2| O
(1+ 2 b— |e 1—381/ 4ﬁ PIC oo ) + = 3 q’Be'*| B|

ko (D 3 -
+%C]81/2]ﬂppic'8 J( ) _ [e (1 _ %81/2> i X‘; quﬂsl/z] B(‘O)’ (5.34)

where cBk, (P )/v B(O) ~ k,p; is inserted as this result will be determined from
quasineutrality in the next subsection, and the B correction on the left side is small
in the final form.

Correcting the next paragraph, it should read as follows. In the small skin depth
limit &%’ /K7 c¢* 21> A’ [k} for finite < 1 and @© =0= A", we use
(5.22) and (5.23) along with the quasineutrality result cfk L((fJ) / leH ~k, p; to find
ga ~2(A;). Then (5.22)—(5.25) give

kla’VquB” , (5.35)
KLy ~ igeB”), (5.36)
(By) =B (1-346) (5-37)
and
b=B [s (1-36) + Zae 6] (5.38)

for B ~ ekl py. As a result, for this B)” #0 case with &© =0 and A}” =0, the
poloidal variation of AH is strong with (~H) /a > ¢e/2, while the poloidal variation of
By is weak with b/(B)) ~e.

In §5.4, there are sign errors in the ;\” terms of (5.41)—(5.45). The signs can be
corrected by changing the signs of all AH, A‘(‘O), (Au), and ‘a’ terms. In addition, 5y /16
replaces (o +5y)/16 in (5.45) and ¢ — ¢ +2A! in the ;ll(lo) term, so it becomes

vq = Sy 5)/
(1/2 + 1) ( ) = (D(O) |:1 +T6q2'81 3/2k2 Iopz 8¢ 2 1/2(8+2A )kipl”A

v; (0)
+- ' pyB)”. (5.45)

6. Zonal flow responses in terms of initial field values: 15 test cases

Section 6 summarizes the small skin depth zonal flow residual responses for the
various initial perturbations. The complete summary of the corrected results is as
follows.

) 3
vq (D)
(/ + 1) o ! + q Bie’ KL oy (6.2)
vi(By) ﬂ,emp, 63)
k lc<1><0> 2q )
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vib _ seBik 1 ppi
ki cd© dyqg
ol/2

1
8 IBIkJ_IOpl ( - 2yq2> = Zgzﬂiklppi’

vild))
icd o

va gl/? 1
m 8/31 1L Ppi (1 - 2yq2) = Eeﬁihppi-

62. © =0=B]"

ic(@)  Se(e +2ADkipy S
— = el >~ - 2A/ k i
viAI(IO) 8L+ e2/yq) 88(8 + 240k pp

A
A
A (e +24)
0 = o
Aj
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0 = PR
kiA| 4
b 12
i —qﬂs (€ +24)).
1

63. @0 =0=A}"

Bk (®)  ekipy _ ekipy
vBY  q(+e/yg) T ¢
ki(Ay) e
B0 9%

1BH
kL(l
50) ’
1BII
(By) 3
=1- 54 ’B.
(0)
B
b S i\, X e

6.4)

(6.5)

(6.6)

6.7)

(6.8)

(6.9)

(6.10)

(6.11)

(6.12)

(6.13)

(6.14)

(6.15)

(6.16)

All small skin depth results are consistent with (A”) :A‘(‘O) +¢€a/2, but field lines can

only switch between irrational and rational when ¢; =ik lBglﬁﬁo) #0.

7. Conclusions

The last sentence of the third paragraph from the end should read as follows. The
poloidally varying response is larger than the flux surface averaged response for A

and comparable for Bj.
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Corrigendum 7

In the first sentence of the second paragraph from the end the word ‘also’ should
not appear. Replace the last sentence in the same paragraph with the following
sentence. However, the poloidal variation of B, is almost comparable to its flux
surface averaged value.
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