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ECE (harmonic n, X-mode, perpendicular propagation) ))

Radiation temperature Optical depth
Ro+ Ro+ / ’ Ro+a
Traa(@) = [y dRB(R) exp(— [*"a(R)dR") o f " (R)AR
Ro—a

absorption coefficient: « «< [ dp pi"‘1:7f5(y — n%)
1

2n
emission coefficient: p o« [ dﬁPTLf S(y — n%) p = myv
for a Maxwellian: f = T,a (Kirchhoff's law = plasma is a black body)

_ nw¢(R) _ p* e .
w = D y = \/1 + mo)Z cold resonance position: nw,.(R;) = w

kinetic energy: E;, = mc?(y — 1) = mc? (& — 1)
>\R
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What is seen by 2"d harmonic ECE and by Thomson (in energy)
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From S.L. Prunty 2014 Phys. Scr. 89 128001, Egs.
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2nd & 39 harmonics see different momenta > constraints on f(p) @&
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T 4 (keV)
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T, database (~230 pulses, ~12000 time slices) by M. Fontana )

Maxwellian predictions and data

Maxwellian Ref=0.55

here plasma is a black
body at both harmonics
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T, database (~230 pulses, ~12000 time slices) by M. Fontana )

Maxwellian predictions and data
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Ty, database (~230 pulses, ~12000 time slices) by M. Fontana (i_,})
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T, database (~230 pulses, ~12000 time slices) by M. Fontana ()

Maxwellian predictions and data

Maxwellian Ref=0.55

here plasma is a black
body at both harmonics
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Trad (keV)

T, database (~230 pulses, ~12000 time slices) by M. Fontana ()

Maxwellian predictions and data

Maxwellian Ref=0.55 Maxwellian Ref=0.55

here plasma is a black
body at both harmonics

=
o

o

T3x >3

- 3" harmonic (keV)
(@)

T3x <3

¢ n=3 model
¢ n=2 model

0 1 1 1

0 2 - 6 8 10 0 2 A 6 8 10
Tyap tkeV) T4 2" harmonic (keV)

r

G. Giruzzi | EC-21 | ITER 10 | 20 June 2022 | Page 10



Toy model of perturbed electron distribution function

Relativistic Maxwellian distribution in momentum p:

B ue H mc
4K, (w) (me)? -

fu = Ae #r—D A

Perturbed distribution:
f= A(e—u(y—l) +fi)

Bipolar isotropic perturbation:

fiu =fosin[§(p—po)] for po—0<p<po+9d

Some anisotropic perturbations (6 = pitch-angle), examples:

fis = fiuSinf ficz = f1uC0529

fisz = fiusin®(20)  fic = fiycos6

All these functions allow analytical calculation of EC
absorption and emission coefficients.

In the following, only the isotropic perturbation is used
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Various possibilities depending on perturbation location and width:
* TX2>T,and TX3 < T, (most usual one)

e TX2 Maxwellian and TX3 non-Maxwellian
e TX2 non-Maxwellian and TX3 Maxwellian

* both TX2 and TX3< T,
* both TX2 and TX3 > T,

G. Giruzzi | EC-21 | ITER 1O | 20 June 2022 | Page 12



. . .. (77
Absorption and emission coefficients of X mode ()
_ _ UUy, _M(ﬂ_l) _ T s B
a = Ay z an an, = Ap [nwc/w e @ Qnh(uy) 6/meOCOS 5 /mc (un — o)
n
A 217 w W} ie,|” e H A = 1 oy Nyw 2(n=1) B(n+1,1/2)
° Ny cw? e11| 4nK;(w) n=H w VHw, [2™(n — 1)!]?
_me” = (nwc>2 1 B =20 ) =H + 2V (g 4
U= Te Un = w uO_mC Un) = Un —Ug mc Ug mc Un

Ny ,&11,&12 — cold plasma X-mode refractive index and dielectric tensor elements

B(x,y) = Beta function  K,(x) = modified Bessel function H(x) = Heaviside function
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Maxwellian
e

Te profile

non-Maxw. | |

2.5

' ' FREERRRIERRIR
3 3.5 4
R (m)

4.5

T g (keV)

12

10

=\
(@)
\_
=

Maxwellian
*  non-Maxw.
Te profile |1

T.,= 10 keV

2.5

3 3:5
R (m)

isotropic perturbation, f,=0.03 p,/p;,=1 0/py, =0.25

G. Giruzzi | EC-21 | ITER 1O | 20 June 2022 | Page 15



Effect of perturbation on ECE X2 and Thomson spectra ()
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DT baseline database i)
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DT hybrid database i)
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ITER: two cases with different perturbations {f‘;};
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Conclusions ()

» Using the model of perturbed electron distribution we have shown that :
= a perturbation of < 5% yields the expected effect at T, ~ 5-10 keV (AT, 4 ~1 keV)

= even if present, the perturbation cannot be observed at low temperature
= Thomson spectrum is broad and insensitive to such perturbations

» Consequences :

= In principle, Thomson scattering seems more reliable for T, measurements at high temperature
= ECE is very effective for constraining the distribution function - tool to explore new physics

» Origin of the effect is under investigation. Two possible causes :

= fast ion collisional relaxation on electrons - needs full kinetic calculation with integro-differential
collision operator —-> work in progress (R. Dumont)

= Landau damping of fast ion driven (or other high-f) MHD modes
= bipolar electron distributions observed in the magnetosheath - C.H.K. Chen et al., Nat. Commun. 10, 740 (2019)

= interpretation as Landau damping of Kinetic Alfvén Waves confirmed by gyrokinetic simulations =
S.A. Horvath et al., Phys. Plasmas 27, 102901 (2020)

= gyrokinetic modelling with GENE for JET parameters —> Work in progress (S. Mazzi)
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What is seen by 2"d harmonic ECE (in space)
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In the following: absorption/emission coefficients at different frequencies

analytic density and temperature profiles. alpha Maxw.

analytic equilibrium with Shafranov shift.
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ECE sets constraints on the distribution function @)

fuy = Ae Fk/Te on average:
T =7keV
1 © . — : I‘l=2 9 Trad > Te
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Test of model perturbation on old data: one size fits all ? @)
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T 4 (keV)

All DT data points with ICRH only
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Perturbed electron distributions (@)

—
L
e

1, SIN

“

.Illll I|| 1 |
1 1 I|I||||
0 0.5 1 15

P/ Pth
G. Giruzzi | EC-21 | ITER 10 | 20 June 2022 | Page 33




Use of the model for full database analysis: p,/py, as fit parameter
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Landau damping of Kinetic Alfvén Waves in the Magnetosheath ()
» S.A. Horvath et al., Phys. Plasmas 27, 102901 (2020) D o s 9
Y W
» Gyrokinetic simulations of KAW absorption by the electrons in :
the Earth’s magnetosheath | .
> Bipolar signature of Landau damping of KAW found in o dwy L Ty c
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C.H.K. Chen et al., Nat. Commun. 10, 740 (2019) —— 2
In-situ measurements of energy transfer from turbulence to electronsin = 1}
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Bipolar signature of Landau damping of KAW found in measurements
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