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Summary
We designed and evaluated a first-of-its-kind plasma discharge for the FIRE-
BALL IV experiment at CERN’s HiRadMat facility [1]. The 3-meter-long induc-
tively coupled radio-frequency (RF) plasma is created with 5 kW electrical power
at 13.56 MHz through two helical coils connected in series. This is an update from
the design used in the FIREBALL I and II campaigns [2]. A stable discharge with
electron densities exceeding 1 × 1018 m−3 was achieved. Subsequently, a param-
eter sweep was conducted to find optimal operation conditions. The FIREBALL
campaigns study plasma instabilities as a relativistic electron-positron beam [3]
travels through the plasma and is a laboratory experiment in astrophysics [4].

Experimental setup

Figure 1: CAD drawing of the plasma cell assembly. The plasma cell is composed of two glass
tubes, each placed inside a solenoid (the primary coil) through which RF current is applied. The
glass tubes are connected by a cross piece, which also serves as access for diagnostics, including
a double Langmuir probe.

Parameter Coil 1 Coil 2
Number of windings 13 24.2
Length [mm] 663 1234
Pitch [mm] 51 51
Coil diameter [mm] 93 93
Copper tubing [mm] 6x1 6x1
Glass inner D [mm] 58 58

The new coil design was adapted to the exist-
ing plasma cell that was used in FIREBALL III.
This entailed the separation of the single elec-
trical coil into two parts, the design of two Fara-
day cages and a shielded electrical connection
between both coils to mitigate RF interference.
Studies on the pitch of the coils and needed ca-
ble lengths for tuning were conducted.

Electrical circuit and devices
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Figure 2: Electrical circuit of the
FIREBALL IV plasma cell.

Power supply: Paramount HF 6013
Generator (6 kW, water-cooled)
Matching network: Navio 5 kW
Cable: 7/8" HELIFLEX Air-Dielectric
and braided copper wire (1 cm width)
Faraday cage: Custom-built from
aluminium plate and 0.25 mm copper
mesh
Current monitor: Pearson 110 current
transformer

Langmuir Probe
In the characterisation of the plasma cell and in-
situ during the experiment, plasma density mea-
surements were acquired by a double Langmuir
probe. The double probe was chosen due to its
measurement robustness in RF plasmas. With
RF notch filters and floating potential electron-
ics, precise voltage-current characteristics were
achieved [5]. In Figure 3 an exemplary curve is
shown, measured in the centre cross piece.

400

200

0

200

400

Pr
ob

e 
cu

rre
nt

 I P
 [µ

A]

ne = 1.190e+18 m 3

Te = 2.041 eV
D = 9.73e-06 m

data
fit

40 20 0 20 40
Probe voltage VP [V]

50
5

Re
sid

ua
l [

µA
]

Figure 3: Langmuir probe data.

Pressure sweep
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Langmuir probe measurements
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Figure 4: The electron density ne in the
middle of the center cross piece versus argon
gas pressure.

Electron density was measured for dif-
ferent argon pressures. The measure-
ments were taken inside the middle cross
piece and therefore do not reflect the
overall discharge density. An operating
point was chosen taking into account
the electron density, visual homogeneity
and the stability of the discharge. This
operating point was further character-
ized using multiple longitudinal density
measurements.

Electron density profile study
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Figure 5: Evaluation of optical emission along the downstream plasma cell tube.
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