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Overview of J

N-NBI (500 keV)
P-NBI (85 keV)
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60-SA scenarios (C
=
#1 #2 #3 #4-1 #4-2 #5-1 #5-2 #a'
Full Full Full
[Currept Currept Currept ITER— ﬁdvan;ed High Bx Hi gh P High Bx
nductive | Inductive| Inductive like Inductive Full-CD High fow 300s
DN, SN, High | Inductive| (hybrid) Full-CD ]
41MW 41MW | density
Plasma Current (MA) 5.5 5.5 5.5 4.6 3.5 2.3 2.1 2.0
Toroidal field BT (T) 2.25 2.25 2.25 2.28 2.28 1.72 1.62 1.41
qus ~3 ~3 ~3 ~3 ~4.4 ~5.8 6.0 ~4
R/a (m/m) 296/1.18 | 2.96/1.18 | 296/1.18 | 2.93/1.14 | 2.93/1.14 | 297/1.11 | 2.96/1.12 | 297/1.11
Aspect ratio A 2.5 2.5 2.5 2.6 2.6 2.7 2.6 2.7
Elongation kx 1.95 1.87 1.86 1.81 1.80 1.90 1.91 1.91
Triangularity 6« 0.53 0.50 0.50 0.41 0.41 0.47 0.45 0.51
Shape factor S 6.7 6.3 6.2 5.7 5.9 7.0 7.0 6.4
Volume (m?) 132 131 131 122 122 124 124 124
Cross-section (m?) 7.4 7.3 7.3 6.9 6.9 6.9 6.9 6.9
Normalised beta [ 3.1 3.1 2.6 2.8 3.0 4.3 4.3 3.0
Electron density
(10%m)
Line- 6.3/5.6 | 6.3/5.6 10./9 9.1/8.1 6.9/6.2 5.0/4.2 5.3/4.3 2.0/
average/volume-
average
Paaa (MW) 41 41 30 34 37 37 30 13.2
Prung/Pene/Pec (MW) | 10/24/7 | 10/24/7 | 10/20/- 10/24/- | 10/20/7 | 10/20/7 | 6/17/7 3.2/6/4
Neutron production |y 3,117 | 1 3x1017 | 7.0x106 | 6.7%106 | 5.4x10 | 4.5x10 | 2.9x10 | 1.2x10%
rate, Su (n/s)




JT-60SA bulk plasma physics @)
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* Long pulse operation at high-3 with Real-time plasma position control based on
collimated neutron flux monitors

» Off-axis NBCD efficacy and optimization via neutron emission profiles: the behaviour of
fast-ions during their slowing-down processes is also a key issue to understand the
physics of off-axis NBCD since the current drive is dominated by these fast-ions.

« Scenario development via fuel ion density and temperature profiles

 Triton-burn up contribution (not insignificant)
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JT-60SA fast particle physics (®)

e Positive and negative NBIs @ 85 and 500 Tokamak | TFTR | JET | JET | JT-60U ITEJ-{ Slim CS S;J;;;’?i’:_l
keV reSUItIng In tWO dlﬂ:erent faSt Ions Fast ion Alpha | Alpha | Alpha | Deuterium | Alpha Alpha Deuterium
populations with different energy and p—

. .o . Source Fusion | Fusion ail CoNBI | Fusion Fusion Co NBI

pitch-angle parameters, driving different i

EPs (FBs) and TAEs, GAEs and CAEs; B o 0> 10 | 04 | O0% 108 L 2 0318

= [‘%J ' 0.3 0.44 1.5 2 0.85 0.35-22

» Super-Alfvénic velocity of the N-NBI p_max %) | 026 | 07 | 3 06 | 12 0.54-2.3
H : H H <fi> [%) 0.03 0.12 0.3 0.15 0.3 ~1.2 0.2-09
driven fast ion pop_ulatlon driving TAEs, , e 57 1 ss T oo ; ; s
GAEs and CAEs; impact on current drive maxIRVAT | oo | 35 | p s <y e

i [%] : : ' '

eﬁ:lcency v,_max /v, 1.6 1.6 1.3 1.9 1.9 ~2 1.0-1.26

* Orbits of MeV D ions (from NNB)
comparable to a-s orbits at ITER and
DEMO;

* Coupling of anomalous transport of fast ions to micro turbulence controlled by Enng/Te:
neutron emissivity profiles to assess diffusion coefficients.

« Verification & validation (V&V) activities of theory-based transport codes for energetic ions
through neutron experimental measurements

e Triton burn-up as a proxy for (DT neutrons) to study the transport of 1 MeV tritons which
have a Larmor radius similar to that of 3.5 MeV a-s.

« ELMs and RMPs impact on fast ions confinement (neutron emissivity profiles).



NBI system at JT60-SA

-

No. . Power Total .
0 Energy L duration
D" Beam of (keV) funit Power (
unit | 1€ (MW) (MW) 5)
Positive lon Source NB : for heating (ion heating dominant), torque input control, some current drive

Perpendicular — upper (#2,4,6.14) 4 6.8 =8
Perpendicular — lower (#1.3,5,13) 4 o 1{-; -2 N 6.8 =8

CO-tangential — upper (#10) 1 85 {”:::zm]: ;E:::E 1.7 =2 100
CO-tangential — lower (#9) 1 1. TMW/unit, 1.7-=2

. . . extended  research -

CTR-tangential-upper (#8) 1 phase: 2MW/unit ) 1.7-=2
CTR-tangential-lower (#7) 1 1.7-=2

Negative lon Source NB: for heating (electron heatir

1g dominant),

current drive, small torque & particle input

CO-tangential — upper (NNB-U) 1 5
. 500 5 100

CO-tangential — lower (NNB-L) 1 5
Total "V Initial & Integrated Research Phases: 30MW x 60s, 20MW x 100s, 30.4 =34 | 100"

Extended Research Phase: 34MW x [00s
4 T T T T T
JT-60SA 1
P-NB (perp.)
P-NB (tang.)

N-NB (tang.)

P-NB (perp.)
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JT-60SA Scenario: neutron emission ®)
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» Scenario developed but spatial neutron emissivity and neutron energy spectra not
simulated (including T burnup contributions).

» These are required for a proper assessment of the possible performances of already
envisaged neutron diagnostics (such as the collimated neutron flux monitor) and of possible
new ones (dedicated spectrometers).

» Optimization of neutron diagnostics require detailed description of the neutron source both
in terms of its spatial and energy distribution.

« UU group experienced in generation of fast ion distributions coupled to neutron synthetic
diagnostics for such assessments: from JINTRAC via TRANSP/NUBEAM to DRESS.

Sk B, Ry, Z) m? eV/d(/4n)
6 6
b) 0 10/ 210

on count rate (5™ bin)

(g 2) pap (Z°d) % |

logglcounts)/bin
=
A

P E enery (MeV) trer (1S}

1o 15 20 25 30 38 S T

e U i
P majoe sadiv R () 1.0 05 00 05 1.0
pitch A




JT-60SA neutron emission spectrometers )

TOFOR axis 1 52

. ool o 32 Scintillators for deflection
245 MeV DD neutrons: il ‘ of scattered neutrons

14 MeV DT burn-up neutrons:

Modelling tools to be geared towards JT-60SA:

TOFOR relocation at JT-60SA (and upgrade)
Time-of-flight spectrometer T
Digital data acquisition

Recording time and energy of neutron events in
scintillators allows for better background
discrimination.
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Neutron spectrum calculator code S
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Detector response function simulations » a
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Neutron shielding simulation events
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Table D-2: Core measurements in JT-6084

Plasma Diagnostics Systems

: Spatial
Measurement Diagnostic Range or Coverage Tlme resolution or | Accuracy Target
= resolution =
Wave No.
7 hangle~0-15 -
Motional Stark pecivanghs ~87 mm a i
Current profile  |effect degree ~ 10 ms or o2 fkf:m I ;.ﬁ%:;ul
polarimeter PRRE dria~0p7  [Inpichangle < i
Line-averaged .(:O_zrl_imcr o | gt vertis - <1100
alectron densiry | Merferometer /- ftangential & vertica |~ ms niegra / s
*  |polarimeter
20)-
R T ne=0.1-30E+19 m" 20-30 mm —
7 euE,_Imn N8I | Thomson ~ms - 20 ms c;"" 005-0.1 3% 110 L""'
Pos scatiering system |O=rfa<] St =
pIis
Electron YAG laser Te=0.1-30 keV i _—
temperature Thomson ~ms- 20 ms do;l 0.05-0.1 ~5% zl}i{] E"“'
profile scattering system |O<rfa<l il =
Electron
Electron Te=0.1-20 keV ~10-20 mm
temperature C"':.Ifj_'.m“ "ﬂ.'ﬂo L | ~5% <110 Ly,
profile (fast) E'i’lt::::'_'t‘ic“ Derfacl AL dria<0 02
ASNOSTICS
Charge exchange [0.1-30 keV ~10-20 mm <1710 Ty
lon temperature E L ) o
rofil recombination ~1 ms or ~5 <1/10 Ly
profile spectroscopy Derfa<] dria=~0.05 ITE behavior
v . |Charge exchange | -300 - +300 km/s ~10-20 mm <10 Ty
Toroidal rotation R ; :
rofil recombination ~1 ms or =5 km/s <1/10 Ly,
PIOLE SPECLIOSCOpyY (ar/a<l] dria<~0.05 ITB behavior
Poloidal rotation Charge exchange =500 - +500 kmds ~10-20 mm
I.'ﬁﬁ IE rl.‘L'I_'I]T'IhII"IHI wn ~1 ms or
P spectroscopy D<r/a<l dria<~0.05
s . <1100 T4
Haduition profik: | Holametee ~ 1 ms ~50-100 mm |~10% <110 L,
{mam) {main] Al ITB =
ot patior 50-100 mm <1100 7
Z.: profile pikagiy D<ria<l 0.1 ms or 10% <I/10 L.
bltl_l].s_s-[mtllung drfa~0.2 a1 ITB
CITISSI0N )
I ty density | 00 T
DTOPE:}I]Z RO Lr)“d] o Oe<rfacl 2.3 10-20 zl-"i“ ]T
[om temperature ?'f':\:‘;’m"m <Has et R <1/10 Ly
profile (core) o at ITB
T
Tipaxity spacies W\;r v ~100 ms Integral 10%
miioding spectrometer ms ntegra i
(core)
pellet momitor Fast Visible TV .02 ms ~ 100 mm
Energy specirum E::;Fflrpﬂmd& oMoy :-:]ltrn::rr
NETRY SPe Arle 15 v 5 5 : dl,
of fast neutron  |{Diamond el i | line for
detector) horisontal
Fast ion Da Tight [Fast ion Da <~ ms dria~0,1




JT-60SA Port Allocation
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Upper Cooling water In-vessel
Upper Oblique P-NBI(#14) NBEI
Horizontal Charge exchange recombination | Diagnostics
P7 spectroscopy (poloidal)
Pellet Vacuum Vessel
Lower Oblique P-NBI{#13) NEI
Lower Cooling water, Liquid He for eryopanel In-vessel
Upper CO2  Laser interferometer/polarimeter | Diagnostics
(vertical), Neutral gas pressure gauge
Upper Obligue ECRF ECRF
Horizontal CO2  Laser interferometer/polarimeter | Diagnostics
(tangential), Y AG laser Thomson scaltering,
P& ZelT monitor, Neutral particle analyser
Lower Oblique In-vessel coil feeder In-Vessel
Lower CO2  Laser interferometer/polarimeter | Diagnostics
(vertical), Neutral gas pressure gauge
Cooling water In-vessel
Upper Cooling water In-vessel
Horizontal Remote Handling Remote Handling
po VV inspection Vacuum Vessel
Electron cyelotron emission  diagnostics, | Diagnostics
Fast visible TV for pellet
Lower Cooling water, Liquid He for cryopanel In-vessel
Upper Gas fueling Vacuum Vessel
Horizontal Neutron  monitor, VUV Spectrometer, | Diagnostics
> Neutron emission profile monitor, Crystal
P10 spectrometer
Lower Boron gas introduction Vacuum Vessel

Reciprocating material probes (TBD)
Gas fueling,
Cooling water

Diagnostics
Vacuum Vessel
In-vessel

Sec. Port Use Port User
Upper Cooling water In-vessel
Upper Obligue ECRF ECRF
Horizontal C02  Laser interferometer/polarimeter | Diagnostics
Pl {tangential), Y AG laser Thomson scaltering,
Zeff monitor, Neutral gas pressure gauge
Lower Oblique ¥ AG laser Thomson scattering {edge) Diagnostics
Lower Cooling water, Liquid He for cryopanel In-vessel
Upper Glow electrode (TBD), Gas fueling WVacuum Vessel
Horizontal Y AG laser Thomson scattering (central), | Diagnostics
Charge exchange recombination
P2 spectroscopy  (toroidal, BG),
In-vessel coil feeder In-vessel
Lower Divertor Thomson scattering (TBD) Diagnostics
Gas lueling to divertor WVacuum Vessel
Cooling waier In-vessel
Upper Cooling waler In-vessel
P3 Horizonial N-NBI NBI
Lower Cooling water, Liquid He for cryopanel In-vessel
Upper Neutron emission profile monitor, Neutral | Diagnostics <:
particle analyser
Upper Obligue ECRF ECRF
P4 Horizontal T-NBI(#9,10) NBEI
Lower Oblique Do emission monitor Diagnostics
Lower Boron gas introduction Vacuum Vessel
Cooling waler In-vessel
Upper Cooling water In-vessel
Horizontal Charge exchange recombination | Diagnostics
ps spectroscopy  (torodal),  YAG  laser
Thomson scattering (high field side)
Glow electrode, In-vessel coil feeder In-vessel
Lower Cooling water, Liguid He for eryopanel In-vessel
Upper Visible spectrometer  for divertor Diagnostics
Horizontal Remote Handling Remote Handling
Neutron monitor, Infrared TV camera | Diagnostics
(main), Infrared TV camera {(divertor)
(TBD). Charge exchange recombination
P6 spectroscopy  (poloidal, BG), Visible TV
camera
Glow electrode WVacuum Vessel
Lower Visible spectrometer for divertor Diagnostics
Gas fueling to divertor WVacuum Vessel
Cooling water In-vessel




Discussion points

Status of neutron diagnostics on JT-60SA

* Which neutron diagnostics are actively being developed?
* Which neutron diagnostics are at the conceptual level?

* Collaboration with neutronic experts at JT-60SA
 Interfacing issues

Activity

* Scoping study for 2.45 and 14 MeV neutrons

* Fast ion population generations for synthetic neutron diagnostics development
 |dentification of interfacing issues
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