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Topic : Plasma Lens, by F. Krienen

PLASMA LENSES

Work on this subject started early '81 at Fermilab, p note 157- 

A plasma lens can be a possible alternative to- the lithium lens, now 

proposed for the Fermilab antiproton target train.

To make a fair comparison, only one parameter must be the same for 

both, i.e. the quantity k sin(kL), which controls the transformation 

of the upright ellipse in the centre of the target to another upright 

phase space ellipse in the image plane, k is the strength of the lens 

k2 = -ejZ/(2pc) m-2 , and L is the length of the lens, e is electronic 

charge, j is current density, Z is vac.imp. =577 ohm, p is momentum of 

the anti proton. The image plane is by definition located behind the 

lens at a distance f = l/(ktankL), the focal distance of the lens. So 

the distance between the two planes would be L t 2f.

It is shown that the shift of focus Δf vs Δp/p is weakly dependent on 

the actual choice of the focal distance f. In a realistic design Δf 

would be ≤2 mm per percent momentum change.

Plasma lenses have been made for HEP . They developed from the linear 

Z-pinch, once a topic in fusion, according to which a strong longitud­

inal electric field is suddenly applied to a cylinder of low pressure 

gas. The gas is first weakly ionized with current flowing in a thin 

layer inside of the container wall (skin effect). The rapidly rising 

magnetic pressure drives the current layer inwards, according to Rosen- 

bluth’s snowplow model, compressing and ionizing fully the gas inside. 

Before the associated shock wave reflects at the axis and reverses the 

inward motion, a more or less uniform current density prevails across 

the arc column. A superimposed pulsed solenoidal magnetic field tends 

to control and to stabilize the pinch.

For lens application one crowbars the capacitor discharge at the right 

moment of plasma radius and current density. By maintaining a fairly 

high solenoidal magnetic field and having hollow electrodes one could 

alleviate the heat problem through the formation of a plasma jet axial­

ly projected into the adjacent compartments, where thermalization will 

be completed. The time scale of the peak current would be about 5 μsec, 

hence one should wish uniform pre-ionization, uniform starting electric 

field (using a shunted high turn solenoid, which acts as a voltage divi­

der) and a capacitor bank of ringing frequency ≈ 100kHz
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