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Members and activities

Piero Martin – experimental physicist, MHD expert. Presently serving as chief 
physicist for the Divertor Tokamak Test facility (DTT) experiment.

Lidia Piron –  experimental physicist, MHD instabilities in fusion devices. Scientific 
coordinator in JET and MAST experiments (CCFE, UK) and ASDEX-U (IPP, FRG).

Leonardo Giudicotti – experimental physicist, advanced experimental methods for 
plasma diagnostics by lasers in various fusion experiments: RFX, JET (UK), ITER, 
W7-X (FRG), LHD (Japan), JT60-SA (Japan), DTT.

Activities in close collaboration with Consorzio RFX 
- RFX toroidal plasma device
- NBTF Neutral beam test facility for ITER

External members: G. Serianni, T. Bolzonella, E. Martines, M. Zuin (CNR-RFX)
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DTT Divertor Test Tokamak

DTT is new tokamak experiment, that will be built in Italy at 
the ENEA center in Frascati

Main scientific goals:

Investigate energy and particle exhaust systems to 
withstand the loads expected in fusion power plants

Investigate physics of core and edge plasma interplay to 
support ITER and DEMO

Start of operations in 2026, presently under design

Large and demanding effort, involving a large part of the 
italian fusion community (physics and engineering)

The DTT device



DFA Workshop 28/09/2020 - 4

Thomson scattering diagnostics

A high power, pulsed laser  (3 J, 10 ns, 50 Hz)  beam traverses 
the plasma.

The light diffused at an angle θ (the scattering angle) from a 
plasma volume (~ 2-3 cm) is collected by an optical system and 
spectrally analysed.

The spatial resolution (10 cm – 1 mm) is determined by the 
dimensions of the scattering volume. The time resolution is 
determined by the repetition time of the laser (~ 20 ms)

The electron temperature Te is measured by the 
width of the spectrum (doppler broadening)

The electron density ne is measured by the total 
intensity of the scattering signal.
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Conventional TS in ITER (CPTS)

Page 1 IDM UID:  Core Plasma Thomson Scattering CDR– ITER Organization – 11-12 February 2015 

2.5  Image Mapping 

   !            F/No          r/a         F/No  Mag @ image     Object size for 
             @ Object   @ Image       (x)*       (y)**    4.63(x) x 3.3(y)mm 
                                Fibre Bundle at image 

                      Field position 1
  19.52°   F/16.88   -0.102      F/2.64   0.1567   0.0434    29.55 x 76.04mm 

Field position 2   22.47°   F/14.65    0.145      F/2.37  0.1621   0.0476    28.56 x 69.33mm 
Field position 3   26.44°   F/12.50    0.337      F/2.22  0.1776   0.0652    26.07 x 50.61mm 
Field position 4   34.25°     F/9.84    0.529      F/2.15  0.2183   0.1225    21.21 x 26.94mm 
Field position 5   39.10°     F/8.80    0.677      F/2.13  0.2422   0.1579    19.12 x 20.90mm 
Field position 6   43.58°     F/8.09    0.768      F/2.10  0.2590   0.1900    17.88 x 17.37mm 
Field position 7   48.98°     F/7.47    0.840      F/2.10  0.2819   0.2831    16.42 x 11.66mm  
 
(x)*  Is the magnification across the laser line. 
(y)*  Is the magnification along the laser line and this determines the resolution.  
The tilt (55.75°) of the laser line wrt the system optical axis results in a large difference in the (x) and (y) magnification.   
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!  Laser angle "°  -5.4° 
!  Field of View  ±14.73° 
!  Entrance Pupil position  Before M1 
!  Entrance Pupil diameter  175.0mm 
! M1-M2 separation  1100mm in vertical plane 
! Mirror Type M1/M2  Toroidal/Spherical 
! Optical axis rotation  84° 
 

Viewing Angle !" 

Entrance Pupil 

M2 

M1 

Optical Axis Rotation 

Layout of the ITER CPTS

ITER CPTS collection optics

Layout of the 7-channels
filter polychromator

Well proven technology based on:

- Nd:YAG laser (𝜆 = 1064 nm)
- imaging optics whit fiber bundles
- Si APD detectors (post-amplified)

All measurements in parallel: in ITER [1]
~ 80 polychromators,
~ 560 APDs and data acquisition channels
~ active control of laser aligment 

[1] R. Scannell, et al.,  JINST 12 C11010 (2017)
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LIDAR Thomson scattering in JET

A 320 ps (FWHM) laser pulse ( L = 9.6 cm) is sent into the 
plasma

The scattering signal is collected from the back (𝜃 = 180˚)  
and recorded a function of time as the pulse traverses the 
plasma

By analysing the spectrum as a function of time, the entire 
spatial profiles of Te and ne are determined.

Advantages:
- Only one polychromator is necessary with only a set
   of detectors and data acquisition channel
- simpler, non imaging optics (no fibers), insensitive to 

disalignement

But:
- more demanding laser requirements
- fast (~ 300 ps pulse response) large area (1cm dia.) detectors
- high bandwidth ( >10 GHz) and sampling rate digitizers

-  limited in spatial resolution (~ 7 cm) (detectors & laser)
-  limited in time resolution (4 Hz) (ruby laser)

Scattering signal in different spectral channels
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Fast MCP-MCP for LIDAR TS
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Spettro di Naito

A Nd:YAG laser is the best choice to fulfill the 
time resolution requirements (2.5 J, 180 ps, 50 
Hz) (reliable and commercially available)

A MCP-PMT is the only possible choice 
 (1 cm dia., G ≳ 3×105, rise time ≲ 100 ps)

With Nd:YAG @ 1064 nm a detector sensitivity 
gap (850-1064 nm) prevents measurements for 
Te ≲ 1 keV

Addition of a second Nd:YAG @ 532 nm 
extends the measureable Te range to 0.1–15 keV 

TS spectra and spectral QE of MCP PMT photocathodes
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LIDAR TS in DTT

Two laser pulses (𝜆 = 1064 nm & 532 nm)
E = 2.5 J (50 Hz), ∆t = 180 ps (FWHM), with ~ 1𝜇s time 
separation, are injected tangentially (L = 4.75 m)

Detectors are 1cm dia. MCP-PMT  (Photonis HiQE-Red) 
180 ps (FWHM) pulse response soon available.

Collection optics (from the back) based on the “no-
vignetting” concept [2][3]. Spatial sensitivity determined 
by solid angle (known), insensitive to laser beam 
disaligment

Spatial resolution ∆x = 3.8 cm along the beam
Radial resolution enhaced by angular effect (3 – 0.5 mm)

Use of two different wavelengths allows continuous 
monitoring of the system spectral calibration (self-
calibrating TS) [4]

Laser path in the equatorial plane of DTT

R = 2.78 m

R = 1.41 m

[2] P. Nielsen et al. , JINST 14 C11018 (2019)
[3] L. Giudicotti et al., JINST 15 C01042 (2020)
[4] O. McCormack, L. Giudicotti et al., Plasma Phys. Control. Fusion 59, 055021 (2017)
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Expected performances

This dual-laser, with the tangential access 
and the chosen detectors fulfils the DTT 
requirements.
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Tests of MCP - PMT

Prototypes of the chosen detectors will be 
available soon by Photonis for tests:

Test of the pulse response by using the Nd:YAG 
pumped, OPA source availbale at DFA (18 ps, 
100 𝜇J @ 600 nm, tunable 450 – 2200 nm)

Test of the dependence of the spectral QE from 
the incidence angle and polarization [5]

Test of the pulse linearity (gain saturation and 
recovery time) [5][6]

1cm dia.
photocathode

F/1 input optics

JET LIDAR MCP-PMT

Linearity and gain recovery  of JET LIDAR MCP-PMT

QE enhancement by internal
diffraction/reflection

[5] L. Giudicotti and R. Pasqualotto, JINST 7 C02037 (2012)
[6] L. Giudicotti, Nucl. Instr. and Meth. A 659 p. 336–347 (2011).
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High resolution LIDAR by pulse dilation

Technique first published in 1976 for improving the 
speed of oscilloscopes [7].

Several devices (mostly X-ray cameras) built from 
2010 for diagnostics of inertial plasmas [8][9].

[7] R. D. Prosser, J. Phys. E: Sci. Instrum. 9, 57 (1976)
[8] T. J. Hilsabeck et al, Rev. Sci. Instrum. 81, 10E317 (2010)
[9] S.R. Nagel et al., Rev. Sci. Instrum. 83,10E116 (2012)
[10] J. D. Hares et al., J. of Phys: Conf. Series, 717, 012093 (2016)
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Here, m is the electron mass, e" 0 is the magnitude of the
electron charge, L is the length of the drift region, !"t# is the
cathode-anode difference potential, and i=0,1 indexes the
particles. We may associate a temporal magnification factor
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with respect to the difference in arrival times of the two
electrons where vd is the average velocity for electrons in the
signal pulse transiting the drift region. Figure 2 shows the
resultant temporal magnification for the specific case where
the cathode-anode potential difference decays linearly from
# 5 kV to ground in 500 ps, t1− t0=10 ps, and L=50 cm. At
100 ps, cathode-anode potential has fallen to # 4 kV and the
temporal magnification is 17. These conditions represent the
design point for the instrument discussed below.

In reality, photoelectrons are born with a range of initial
energies represented by a temperature and the electric fields
in the accelerating gap are finite. These conditions introduce
a limit to the minimum achievable temporal resolution of the
device. An electron born slightly later with higher initial en-
ergy can catch up to an electron born earlier with lower
energy. Thus, the temporal causality of the electron source
process or input signal is spoiled. In order to estimate the

magnitude of this effect, a one-dimensional numerical simu-
lation of the acceleration process for electrons born with dif-
fering initial energy spreads was performed. An ensemble of
electrons is sourced at the photocathode with a range of ini-
tial velocities based on the temperature distribution and their
motion through the accelerating gap and down the drift tube
is followed. The acceleration gap was 1.6 mm, the drift re-
gion was 50 cm, and the drift energy approximately was 4
keV. A comparison of two output signals is shown in Fig. 3.
In each case the input signal was two Gaussian pulses of
width 1 ps with their peaks separated by 6 ps. The black
curve represents the output signal for the case in which all
electrons are born with no initial kinetic energy. For the gray
curve, the electron birth energy is normally distributed with a
temperature of 1 eV. Under these conditions, the width of the
output signal is just starting to be impacted.

Another possible limitation to the temporal resolution is
space charge repulsion. At sufficiently high photocurrent
density, electric fields produced by the electrons themselves
can lead to modifications of the particle trajectories. In our
device, the dominant effect will occur for motion in the drift
direction due to the presence of a large axial magnetic field.

Space charge repulsion will cause additional spreading
of the electron signal beyond that expected due to pulse-
dilation. The photocurrent density at which space charge ef-
fects will begin to affect the output signal was obtained via
particle-in-cell simulation. For this work, a two-dimensional
axisymmetric object oriented particle in cell "OOPIC# code
was employed.6 A Gaussian photocurrent pulse of width 1 ps
was emitted from a 1 cm2 circular region of the cathode.
The cathode potential was ramped to ground from # 5 kV
over a 500 ps period and the photocurrent pulse emission
peaked at # 4 kV. A large axial magnetic field was included
in the simulation to avoid transverse pulse spreading. The
PIC simulation was continued until all electrons left the ac-
celerating gap and entered the field free region approxi-
mately 1 cm past the anode mesh. The particle positions and
velocities were then output from the simulation and the sig-
nal arrival time at the end of a 50 cm drift region was cal-
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Photomultiplier Array

FIG. 1. Principle of pulse-dilation: Photoelectrons are accelerated with a
time varying electric field and the resulting energy dispersion causes the
signal to stretch axially as it traverses the drift region resulting in reduced
effective temporal resolution when sampled with a gated microchannel
plate.
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FIG. 2. Temporal magnification of a 10 ps signal when accelerated by a
# 10 V/ps potential ramp and drifting over a 50 cm length.
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FIG. 3. Comparison of pulse-dilated output signals showing the broadening
effect caused by finite photoelectron birth energy spread. In each case, the
input signal consisted of two 1 ps wide Gaussian pulses separated by 6 ps.

10E317-2 Hilsabeck et al. Rev. Sci. Instrum. 81, 10E317 !2010"

MCP-PMT with S20 photocatode (10mm dia.) 
and 10 ps resolution (25 x) [10].
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Compact MCP PMT with pulse dilation

Linear ramp 75V/ns  M = 1.7 Exponential ramp RC= 1 ns  M = 4.1

Ideal, compact design: 5 cm accelerating region, no drift region, V < 1kV
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Conclusions

A LIDAR TS system in under development for DTT

Thanks to technology advancements in lasers and detector technology the 
limitations of spatial and time resolution of past systems can be overcome.

Further improvements of the spatial resolution are possible by the pulse 
dilation technique.

This work will show that the LIDAR TS approach can achieve 
performances comparable to those of conventional TS systems, at lower 
cost and complexity.


