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Capillary discharges

a) Gas filling
b) Filled with ablated wall material

a) Group of Rocca and coworkers at Colorado
State University was very successful emplying

an extremely fast discharge in ArIX at 46.9 nm.
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X-ray laser scheme using neonlike ions
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Rocca et al. 1994
Capillary discharge, I.D. 4mm,

length up to 20cm in the meantime

Lasing on the A-line of ArlX
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FIGURE 1. Variation of the intensity of the spectral lines in the neighborhood of 47 nm
as a function of capillary length. For a 3-cm plasma column, the 46.9 nm J=0-1 line
of Ne-like Ar is observed to be less intense than the surrounding lines from Mg-like Ar.
In the 12-cm plasma column the J=0-1 line totally dominates the spectrum.



Capillary discharge in ablated wall material

Experiments were carried out mn a number of
laboratories (stimulated by early investigations of
Bogen and Conrads at Juelich, who found plasma
parameters suitable for lasing)

Typical experimental setup (employed, for
example, presently in Bochum):
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Capacitance: C=0,1puF
Period: T~ 180 ns (depends on
length of capillary
Diameter: D=04........ I mm

Length: L=1....... 5cm
Wall material Polyacetal (Polyethylen ?)






X-ray laser scheme using collisional

recombination of lithiumlike ions

/////////////////////
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H,-emission at 18.22nm

Plane multilayer mirror (R = 12%) at one end:
spike increases by factors of 1.5 to 1.7 for
capillaries of different length corresponding to
GL between 2.5 and 2.7.

After a few shots effect disappears because

multilayer is destroyed !
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With a, = radius of capillary:

amd  k=2n/A  wave number of m=0 instability

we obtained kag~2.4 for L=1cm
kag~ 1.6 L=2cm
kapg ~ 0.8 L=3cm
kag~ 1.2 L=5cm

ka, is in the range of the maximum growth rate ot
the m = 0 instability (kag = 1)

and & increases with L

hence number of active layers per unit length also

decreases !

Consequence: enforcing instability with given A !
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Collision of special interest:
L+ B C ()t C

Theoretical calculations yielded cross sections

s> 10" cm?
at velocities of about 10’ cm/s

Estimate employing the overbarrier transition
model

v (x) 0
|

ﬁ Ladungsaustausch : /’//
N —

Akzeptor Donator

Because of doubts, experimental verification



Theoretische Querschnitte nach Solov‘ev

Clll(2s%) + CVII->C IV + C VI (n)
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Abb. 2.5: Mit dem Code ARSENY berechnete Wirkungsquerschnitte fiir Ladungsausrausch von vollionisiertem
Kohlenstoff mit C I1I im Grundzustand nach [Sol99]

C Il (2s2p) + C VIl -> C IV + C VI (n)
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Abb. 2.6: Mit dem Code ARSENY berechnete Wirkungsquerschnitte fiir Ladungsaustausch von vollionisiertem
Kohlenstoff mit C III im ersten angeregten Zustand nach [Sol99]



focusing optics

lens

glass wedge

target

strong laser focus
hot plasma

Interaction

zZ0one

weak laser focus
cold plasma







photodiode

ruby laser

focusing optics

target holder
(adjustable)

entrance slit

grating on x-y positioning
and rotating mount

flat film plane with MCP
fitted with CCD-system



- colliding plasmas
only hot plasma
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Kapillare mit innerer Wellenstruktur der Wana

Vielfachschichten Spiegel R = 30% bei 18,22 nm
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Abstand d. a) ohne Spiegel
o) Abstand 70 mm
c) Abstand 50 mm;
d) Abstand 30 mm
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4,0

2,0 1

Intensity ratio /,/I of laser pulses
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Deviation between theory and experiment

at d=60 + 10 mm

Mean life time of inversion layers

T ~ 400 ps



