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Fast particle physics

● P-NBIs @ 85 keV & N-NBIs  at 500 keV 
resulting in two different FI populations  driving 
different EPs (FBs), BAEs, TAEs, GAEs and 
CAEs;

● Super-Alfvénic velocity of the N-NBI driving 
TAEs, GAEs and CAEs; impact on current drive 
efficency.

● Orbits of MeV D (from NNB) comparable to α-
particle orbits in ITER and DEMO;

● 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 α-
particles.

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

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

● Scenarios 2 and 5 used in this study.



NDs for physics studies



P10_pocket

Vertical Neutron Camera

60 mm
34 mm

● Stray B field approx 100 mT 
perpendicular to PMT

● Possible alternatives are Si-
PMTs



NES (JA)
GRS (EU)
NES (EU)

Tangential Compact Neutron Spectrometer

● Detection of DD neutrons mainly based on LaCl3 scintillator 
35Cl(n,p)35S nuclear reactions coupled to a PMT

● High energy resolution (49000 ph/MeV)

● Fast scintillation (28 ns) -> higher count rates

● n/° discrimination with enhanced algorithm

● Collimator: 1.4 cm diameter, 95 cm length

● Detector: 1.4 cm diameter, 2.54 cm length, 1.15 % efficiency  Neutron peak measured with the LaCl3 at MAST-U



TRANSP/NUBEAM modeling for S2 & S5

● JETTO gEQDSK equilibrium with FI pressure included converted to UFILES via scrunch2

● Kinetic profiles from JINTRAC converted to UFILES

● Profiles and equilibrium frozen

● Scenario:
● S2: Ip = 5.5 MA, RBt = 6.66 mT  with R = 2.96 m, Bt = 2.25 T, P-NBI power at 1 MW (Extended Research Phase)

● S5: Ip = 2.36 MA, RBt = 5.11 mT  with R = 2.96 m, Bt = 1.72 T, P-NBI power at 0.85 MW (Integrated Research Phase)   

● Plasma rotation set to zero

● NLBCCW = NLJCCW = false (correct sign of Ip and Bt)

● NTPCLS = 1 x 105, medium fidelity, no FLR/GFLR correction

● Simulation time 1.5 s

● ADAS with JBP for atomic physics

● FI output at 1.45 s (fully slowed down FI)

● Fusion products output

● Without and with Anomalous Fast Ion Diffusion:
● DFI = 5 m2/s

● Flat radial profile
● No energy dependence
● Applied to all FI (fusion products included)
● For t > 0.5 s



Neutron emissivity with and w/o AFID

S2                                                                                   S5

S2                                                                                   S5
DFI = 5 m2/s DFI = 5 m2/s



VNC Lines of Sight

-----------------------------------------------------------
                 JT-60SA VNC 6 mm diameter collimators
-----------------------------------------------------------

Collimator diameter: 0.006000 (m)

Ch. #   Collimator              Detector        P
        L(m)    R(m)    Z (m)   R(m)    Z(m)    P(m)
-----------------------------------------------------------
1       1.502   2.989   -8.000  2.914   -9.500  3.389
2       1.501   3.024   -8.000  2.970   -9.500  3.312
3       1.500   3.098   -8.000  3.100   -9.500  3.087
4       1.500   3.175   -8.000  3.178   -9.500  3.159
5       1.500   3.236   -8.000  3.235   -9.500  3.241
6       1.501   3.310   -8.000  3.365   -9.500  3.017



Count Rates for S2 with and w/o AFID

--------------------------------------------------------------------------------------------------------------------------------
                                 DTT VNC 6 mm diameter collimators
--------------------------------------------------------------------------------------------------------------------------------
Ch. #   d(cm)   R(cm)   Et(MeV) Eff     Eff_th  dt(s)   Flux (1/m2/s)   NR(1/s)         Load(1/s)       Det. CR(1/s)    Counts
--------------------------------------------------------------------------------------------------------------------------------
1       6.00    0.3000  1.80    0.673   0.124   0.001   4.421E+10       1.2499E+06      8.4147E+05      1.5541E+05      1.554E+02
2       6.00    0.3000  1.80    0.673   0.124   0.001   4.790E+10       1.3545E+06      9.1189E+05      1.6841E+05      1.684E+02
3       6.00    0.3000  1.80    0.673   0.124   0.001   5.413E+10       1.5304E+06      1.0303E+06      1.9028E+05      1.903E+02
4       6.00    0.3000  1.80    0.673   0.124   0.001   5.264E+10       1.4882E+06      1.0019E+06      1.8504E+05      1.850E+02
5       6.00    0.3000  1.80    0.673   0.124   0.001   5.055E+10       1.4292E+06      9.6222E+05      1.7771E+05      1.777E+02
6       6.00    0.3000  1.80    0.673   0.124   0.001   5.508E+10       1.5572E+06      1.0484E+06      1.9362E+05      1.936E+02

Δt ¼ 5 ms for N = 1000 counts (Δt ¼ 10 ms with DFI = 5 m2/s) 

DFI = 5 m2/s

radius at Z = 0 (m) radius at Z = 0 (m) 



HNC count Rates for S2 with and w/o AFID

--------------------------------------------------------------------------------------------------------------------------------
                                 DTT VNC 6 mm diameter collimators
--------------------------------------------------------------------------------------------------------------------------------
Ch. #   d(cm)   R(cm)   Et(MeV) Eff     Eff_th  dt(s)   Flux (1/m2/s)   NR(1/s)         Load(1/s)       Det. CR(1/s)    Counts
--------------------------------------------------------------------------------------------------------------------------------
1       1.00    2.000   1.80    0.171   0.0301  0.001   5.987E+11       7.5230E+08      1.2864E+08        2.2645E+07      2.265E+04
2       1.00    2.000   1.80    0.171   0.0301  0.001   6.678E+11       8.3917E+08      1.4349E+08        2.5260E+07      2.526E+04
3       1.00    2.000   1.80    0.171   0.0301  0.001   6.918E+11       8.6929E+08      1.4865E+08        2.6167E+07      2.617E+04
4       1.00    2.000   1.80    0.171   0.0301  0.001   6.829E+11       8.5817E+08      1.4674E+08        2.5832E+07      2.583E+04
5       1.00    2.000   1.80    0.171   0.0301  0.001   6.492E+11       8.1586E+08      1.3951E+08        2.4558E+07      2.456E+04
6       1.00    2.000   1.80    0.171   0.0301  0.001   5.610E+11       7.0501E+08      1.2055E+08        2.1222E+07      2.122E+04
7       1.00    2.000   1.80    0.171   0.0301  0.001   4.201E+11       5.2785E+08      9.0261E+07        1.5889E+07      1.589E+04

Δt ¼ 0.25 ms for N = 1000 counts (Δt ¼ 0.5 ms with DFI = 5 m2/s) 

DFI = 5 m2/s

radius at Z = 0 (m) radius at Z = 0 (m) 



Count Rates for S5 with and w/o AFID

--------------------------------------------------------------------------------------------------------------------------------
                                 DTT VNC 6 mm diameter collimators
--------------------------------------------------------------------------------------------------------------------------------
Ch. #   d(cm)   R(cm)   Et(MeV) Eff     Eff_th  dt(s)   Flux (1/m2/s)   NR(1/s)         Load(1/s)       Det. CR(1/s)    Counts
--------------------------------------------------------------------------------------------------------------------------------
1       6.00    0.3000  1.80    0.673   0.124   0.001   1.001E+10       2.8303E+05      1.9055E+05      3.5191E+04      3.519E+01
2       6.00    0.3000  1.80    0.673   0.124   0.001   1.035E+10       2.9253E+05      1.9694E+05      3.6372E+04      3.637E+01
3       6.00    0.3000  1.80    0.673   0.124   0.001   1.281E+10       3.6227E+05      2.4389E+05      4.5043E+04      4.504E+01
4       6.00    0.3000  1.80    0.673   0.124   0.001   1.200E+10       3.3938E+05      2.2849E+05      4.2198E+04      4.220E+01
5       6.00    0.3000  1.80    0.673   0.124   0.001   1.086E+10       3.0693E+05      2.0664E+05      3.8163E+04      3.816E+01
6       6.00    0.3000  1.80    0.673   0.124   0.001   1.311E+10       3.7063E+05      2.4952E+05      4.6083E+04      4.608E+01

Δt ¼ 25 ms for N = 1000 counts (40 ms with DFI = 5 m2/s) 

DFI = 5 m2/s

radius at Z = 0 (m) 
radius at Z = 0 (m) 



HNC count Rates for S5 with and w/o AFID

--------------------------------------------------------------------------------------------------------------------------------
                                 DTT VNC 6 mm diameter collimators
--------------------------------------------------------------------------------------------------------------------------------
Ch. #   d(cm)   R(cm)   Et(MeV) Eff     Eff_th  dt(s)   Flux (1/m2/s)   NR(1/s)         Load(1/s)       Det. CR(1/s)    Counts
--------------------------------------------------------------------------------------------------------------------------------
1       1.00    2.000   1.80    0.171   0.0301  0.001   1.391E+11       1.7478E+08      2.9887E+07     5.2612E+06       5.261E+03
2       1.00    2.000   1.80    0.171   0.0301  0.001   1.465E+11       1.8408E+08      3.1477E+07     5.5410E+06       5.541E+03
3       1.00    2.000   1.80    0.171   0.0301  0.001   1.495E+11       1.8788E+08      3.2126E+07     5.6553E+06       5.655E+03
4       1.00    2.000   1.80    0.171   0.0301  0.001   1.466E+11       1.8421E+08      3.1499E+07     5.5450E+06       5.545E+03
5       1.00    2.000   1.80    0.171   0.0301  0.001   1.451E+11       1.8229E+08      3.1171E+07     5.4872E+06       5.487E+03
6       1.00    2.000   1.80    0.171   0.0301  0.001   1.297E+11       1.6305E+08      2.7881E+07     4.9080E+06       4.908E+03
7       1.00    2.000   1.80    0.171   0.0301  0.001   9.278E+10       1.1659E+08      1.9936E+07     3.5094E+06       3.509E+03

Δt ¼ 0.5 ms for N = 1000 counts (1 ms with DFI = 5 m2/s) 

DFI = 5 m2/s

radius at Z = 0 (m) 



HNC and VNC combined



Collimated neutron spectra at the detectors



S2 - DD neutron spectra at the VNC detectors

DFI = 5 m2/sDFI = 5 m2/s



S5 - DD neutron spectra at the VNC detectors

DFI = 5 m2/sDFI = 5 m2/s



S2 – VNC EJ301 recoil proton PHS



S5 – VNC EJ301 recoil proton PHS



Tangential Compact Neutron DD Spectrum

DD-BT: 1.78e+07 n/s
DD-TH: 1.52e+07 n/s

------------------------------
DD-BT: 5.58e+06 n/s
DD-TH: 1.53e+07 n/s

DD-BT: 9.04e+06 n/s
DD-TH: 1.37e+06 n/s

------------------------------
DD-BT: 3.32e+06 n/s
DD-TH: 1.41e+06 n/s

Δt ¼ 3 - 10 ms 

for

N = 1000 
counts

If DFI = 5 m2/s

Δt ¼ 5 - 50 ms 

 



Expected proton spectra with LaCl3 detectors 

Scenario 5

Scenario 5 AFID

Scenario 2

Scenario 2 AFID

- 8% broadening due 
to “energy 
resolution”

- Birks law applied 
for MeVee 
conversion

- No background and 
no other reaction 
channels have 
been considered 
for these 
calculations.



Conclusion and Future work

● Interfacing constraints severely limits the field of view.

● Changes in the profile due to FI redistribution detectable.

● Count rate sufficiently high for both VNC (particularly with the double array of 
detectors) and TCNS with time resolution below 50 ms for 103 counts.

● More realistic redistribution of fast ions due to MHD instabilities

● Optimization of the neutron shielding for the VNC (MCNP)

● Estimation of scattered neutron spectra and fluxes at detector locations

● DT burn flux and spectrum

● Integration with Horizontal Neutron Camera (JA)

● Final design in 2026 

● Aiming at OP3 (2027/28) for installation and comissioning 
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