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Abstract
The Versatile Toroidal Facility (VTF) is a magnetic reconnection experiment,
in which plasma is generated in a magnetic cusp field by ECR heating.
Reconnection is periodically driven independently from the plasma genera-
tion via an additional set of toroidal magnetic coils, which provides highly
reproducible conditions and allows for measurements of the ion velocity dis-
tribution function (IVDF) with high spatial and temporal resolution by means
of laser induced fluorescence (LIF). In the present scheme ArII metastable
ions are excited tangentially to the magnetic guide by a diode laser field at a
wavelength of 668nm and the fluorescence light at a wavelength of 442nm is
observed. The parallel component of the IVDF is recorded with and without
driven reconnection at three different horizontal positions: 30 apart the x-line,
3 cm apart the x-line (close to, but outside the reconnection region) and
directly at the x-line (inside the reconnection region). While the ion tempera-
ture outside the reconnection region remains constant, a significant increase
of the ion temperature is found at the x-line during driven reconnection. A
detailed analysis on the timescale of the reconnection drive reveals strong
ion heating within a reconnection cycle and the heating is found to scale with
the reconnection drive amplitude. These findings are consistent with Monte
Carlo simulations, which suggest that the observed heating is a conse-
quence of an in-plane electric field that forms around the x-line in response
to reconnection.

Summary
• IVDF was measured during reconnection with LIF outside the reconnection region (the X-line)  and inside the 

reconnection region. Time averaged measurements yield strong ion heating at the X-line only.
• Time resolved measurements revealed a correlation  between ion heating and driven reconnection. 
• Phase resolved analysis yields the same time evolution of the IVDF and the ion temperature inside the reconnec-

tion region and outside. Here much stronger modifications are found at the X-line.
• Phase resolved measurements indicate link between ion heating and occurrence of beam components
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DiagnosticsVTF at MIT

• device dimension: r = 1.5 m, a = 0.3 m 
• plasma generation: PECR = 50 kW pulsed 60 ms

• plasma parameters: n = 1·1017 m-3, Te  = 20 eV
• mean free path: l mfp,e = 40 m, l mfp,i = 0.4 m

Driven reconnection Plasma response

LIF setup

• internal toroidal coil
• resonant LC circuit
• induced toroidal electric field

• center wavelength : 668 nm
• tuning range : 20 pm
• bandwidth : 1 MHz
• output power : 60 mW cw
• dimension : 30x20 cm

Langmuir probes [3] Mach probes

• strong ion flows in the 
poloidal plane

• increased emission when 
reconnection is driven

• emission correlated with 
reconnection drive amplitude

• no change in ion temperature 
without reconnection

• up to four times higher 
ion temperature with 
reconnection

• ion temperature evolution 
follows reconnection drive: 
strong evidence that recon-
nection causes ion heating

• occurrence of non thermal 
components

• strong variation of Ti within 
one reconnection cycle

• localized occurrence of 
beam components

• maximum increase of Ti 
coincides with beam compo-
nents: heating caused by ion 
beams?

Data processing

• synchronization of reconnection drive and 

chopper:  fdrive = 2.fchopper
• data binning: discrimination of PMT signal
•  phase resolved information

with reconnection:

Ti = 1.1 eV

vd = 2.6 km/s

At the X-line

without reconnection:

Ti = 0.5 eV

vd = 1.7 km/s

• large density fluctuations
• build up of electrostatic potential
• toroidal currents

MHD picture
• frozen-in magnetic field
• vExB drift of plasma
• cut and reconnection 

of field lines

Off X-line

Averaged IVDF

Light emissions

Time resolved IVDF

Phase resolved IVDF

Averaged IVDF

Phase resolved IVDF

with reconnection

Ti = 0.6 eV

vd = 2.4 km/s

without reconnection

Ti = 0.6 eV

vd = 2.3 km/s

• no significant variation of  Ti  
and much lower temperature

• variation of the ion density 
holds same pattern, but time 
shifted: caused by plasma 
flow

• strong increase of the ion temperature and the ion 
drift if reconnection is driven

• identical IVDFs for the cases with and without 
reonnction: no effect out of the reconnection region


