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Plasma-Foc

16F-L
 
 
 

In t
r

 

Basic Info

The 16-Fram
527 nm, 500
splits incomin
custom desig
interferometr
resolution an

More Info

The second 
the 16-Fram
(diameter 12 
The beam p
translucent (T
time interval 
sixteenth bea
the system) t
Then, all the
beams (pass
pair of beam
interferomete
exit lens (obj
distributed ev
of four spots.
Due to the s
interference 
interference 
axis of the sy
direction awa
photographic
of the right an
interference 
Behind the d
specially sele
Both the diam
all interesting
MHD instabi
device. Such
the plasma c
 

us DPF-1000

IS 

the left upper p
right angle an

me Laser Int
0 mJ) as a bri
ng laser beam
gned beams s
ric images of p
nd nanosecond

harmonic of 
me Laser Inte

mm), it is wid
repared in th
T ~ 50%) mirr
between each

ams of 220ns
to the second 
e beams hit o
sing through t
ms (i.e. probin
er. Obtained in
jective). In the
venly around t
. 
small size of 
beams into re
beams is redi
ystem (left, up
ay from the g

c plate. This is
ngle prisms. E
filter, which a

described bea
ected for optim
meter of each 
g phases of t
lities and dis

h a 16-frame v
column with m

0U Device & it

part the real v
d rhomboid pr

terferometry 
ight and cohe

m on to 16 bea
separator follo
plasma colum
d temporal res

Q-switched N
erferometry S
dened to a diam
is way is dire
rors. Applied d
h subsequent 
. The bunch o
expander, wh
n the input m
he device's ch
ng & correspo
n this way inte
e focal plane 
the common o

the spots, th
ecordable inte
irected by fou
p, right and do
group axis, w

s done by mea
Each of the six
allows for a st
am separator, 
mal contrast an

probing beam
he PF pheno
integration of 
isualization al
illimeter spatia

ts Diagnostic

Sixtee

The sim
view of 16-Cha
risms as well a

System uses
erent radiation
ams delayed t
owed by phot

mn during sing
solution. 

Nd:YLF laser 
System. Initia
meter of 60 m
ected to an op
delay line topo

pair of beams
of 16 beams is
here each bea
mirror of the M
hamber and p
onding bypass
erferometric im
of this objecti

optical axis of 

e focal plane 
erferometric fr
r right angle p

own). Then, th
which allows 
ans of four ide
xteen beams c
trong reductio
there are fou

nd spatial reso
m and the total
menon (i.e. th
the plasma 

lows, after ap
al resolution a

cs Review (las

en-Frame L

Time 

mplified schem
annel Beams S
as interferenc

s the second
n source. Besi
to each other, 
tographic plat
le discharge p

(FWHM~1 ns
ally, to minim
mm.  

ptical delay li
ology ensures 
s is 10ns or (a
s directed at v
m is widened 

Mach-Zehnder
plasma), and 
sing beams) 

mages are con
ive, interferen
the system in

 vicinity is th
rames. In the 
prisms to dire

he beams in e
to avoid thei

entical rhombo
coming out of 
on of the und
ur photograph
olution of the i
l delay time be
he radial com
column), duri

ppropriate proc
and nanosecon

st updated Mar

Laser Inter
Design & Man

DPF-1000U

of the first app

me of 16F-LIS; 
Separator is s
e filters install

 

d harmonic o
ides laser, the
high-aperture

tes set. The s
performed in t

 

s, 527 nm, 5
mize the natu

ne containing
creation of six

alternating) 20
very small ang
to a diameter

r (MZ) interfer
reference bea
interfere with

nveyed onto s
nce beams are
 the form of a

e only place 
first step, the

ections approx
each group are
r mutual ove

oid prisms per
the rhomboid 
esirable effec

hic plates (eac
images taken.
etween the firs

mpression pha
ing each sing
cessing, to obt
nd time resolu

rch, 2021) 

ferometry S
nufacturing or 

U Team, IPP&L

plication of cur

                     
shown, in whic
led at the each

of the Nd:YL
e system inclu
e interferomete
system is able
the DPF-1000

00 mJ) is ap
ural divergenc

g a series of f
xteen, time an
0ns, giving a t
gles (in relatio

of 150 mm.  
rometer, wher
ams (bypassin
 each other a
urface of phot
e of the small
matrix of four

where it is p
e propagation
ximately perpe
e shifted by a 
rlapping durin
manently insta
prism must pa

ct of the very 
ch for recordi
 
st and the last

ase, the pinch
gle discharge 
tain the distrib
tion (determin

System 
r Integration/As

LM, Warsaw, PO

rrent version 

                      
ch one may dis
h of channel o

LF pulse las
udes: the opti
er (Mach-Zeh
e to record si
0U device with

pplied as a ra
ce of the ou

fully reflective
nd space sepa
total delay bet

on to the comm

re they are sp
ng the device
at the output
tographic plate
lest spatial siz
r groups, each

possible to se
n direction of t
endicular to th
certain const

ng the final r
alled on the e
ass through it
intense plasm
ng four interfe

t beam allow t
h formation, th

carried out i
butions of elec
ned by the las

Page 3 of 12

 ssembling

OLAND 

March, 20

                     
stinguish       

output. 

er (FWHM~1
ical delay line
nder layout) a
xteen consec
h millimeter sp

adiation sourc
utput laser b

e (R ~ 100%)
arated beams.
tween the first
mon optical ax

plitted into pro
's chamber). 
mirror of the

es by means o
ze (spots) and
h of which con

parate succes
the four group

he common op
ant distance i
registration on
xit surface of 
s own narrow
ma self-lumino
erometric fram

the visualizati
he developme
n the DPF-10

ctron density in
er pulse FWH

2 

10 

 

          
          

 ns,  
e that 
and a 
cutive 
patial 

e for  
beam  

) and 
. The 
t and 
xis of 

obing 
Each 
e MZ 
of an 
d are 
nsists 

ssive 
ps of 
ptical 
n the 
n the 
each 
band 
osity. 
mes), 

on of 
ent of 
000U 
nside 

HM).  



Page 4 of 12 
                                                  Plasma-Focus DPF-1000U Device & its Diagnostics Review (last updated March, 2021) 

Exemplary results taken during experimental campaign performed on DPF-1000U device 

 
Plasma column filamentation recorded during its stagnation and disruption phases;                                     

Initial pressure:0.8 Torr D2; Gas-puff: 1bar (50%D2+50%He); Time 0 corresponds to the first minimum of the dI/dt signal;       
z = 0 corresponds to the face of the central electrode; Pinholes uncovered, radiation recording within full spectral range 

 
The copper jet formation and propagation along the DPF-1000U device’s axis;                                         

Initial pressure:0.9 Torr D2; Time 0 corresponds to the start of plasma jet creation;                                      
z = 0 corresponds to the cone insert apex; Pinholes uncovered, radiation recording within full spectral range 

Journal’s (or other) paper with detailed technical description   

E. Zielińska, M. Paduch, and M. Scholz, Sixteen-frame interferometer for a study of a pinch dynamics in PF-1000 
device; Contributions to Plasma Physics (2011) 51, 2-3:279-283 

Official leaflet/datasheet   

None 

Five, most crucial and topical references  

1. Kasperczuk A. et al.; A plasma focus device as a metallic plasma jet generator; Laser and Particle 
Beams, Volume 34, Issue 2, June 2016, pp. 356 – 361; DOI: https://doi.org/10.1017/S0263034616000215 

2. Kubes P. et al.; The influence of the nitrogen admixture on the evolution of a deuterium pinch column; Physics 
of Plasmas 23, 082704 (2016); https://doi.org/10.1063/1.4960825 

3. Kubes P. et al.; Filamentation in the pinched column of the dense plasma focus; Physics of Plasmas 24, 032706 
(2017); https://doi.org/10.1063/1.4978558  

4. Kubes P. et al.; Evolution of the Pinched Column During Hard X-ray and Neutron Emission in a Dense Plasma 
Focus; J Fusion Energy 38, 490–498 (2019). https://doi.org/10.1007/s10894-018-0194-x  

5. Kubes P. et al.; Characteristics of closed currents and magnetic fields outside the dense pinch column in a 
plasma focus discharge; Physics of Plasmas 27, 092702 (2020); https://doi.org/10.1063/5.0010249 
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Exemplary results taken during experimental campaign performed on DPF-1000U device 

 
Plasma column filamentation recorded during its stagnation and disruption phases;                                    

Initial pressure:0.8 Torr D2; Gas-puff: 1bar (50%D2+50%He); Time 0 corresponds to the first minimum of the dI/dt signal;       
z = 0 corresponds to the face of the central electrode; Pinholes uncovered, radiation recording within full spectral range 

 
The copper jet formation and propagation along the DPF-1000U device’s axis;                                         

Initial pressure:0.9 Torr D2; Time 0 corresponds to the start of plasma jet creation;                                      
z = 0 corresponds to the cone insert apex; Pinholes uncovered, radiation recording within full spectral range 

Journal’s (or other) paper with detailed technical description   

None 
 

Official leaflet/datasheet   

None 

Five, most crucial and topical references  

1. Kasperczuk A. et al.; A plasma focus device as a metallic plasma jet generator; Laser and Particle 
Beams, Volume 34, Issue 2, June 2016, pp. 356 – 361; DOI: https://doi.org/10.1017/S0263034616000215 

2. Kubes P. et al.; The influence of the nitrogen admixture on the evolution of a deuterium pinch column; Physics 
of Plasmas 23, 082704 (2016); https://doi.org/10.1063/1.4960825 

3. Kubes P. et al.; Filamentation in the pinched column of the dense plasma focus; Physics of Plasmas 24, 032706 
(2017); https://doi.org/10.1063/1.4978558  

4. Kubes P. et al.; Evolution of the Pinched Column During Hard X-ray and Neutron Emission in a Dense Plasma 
Focus; J Fusion Energy 38, 490–498 (2019). https://doi.org/10.1007/s10894-018-0194-x  

5. Kubes P. et al.; Characteristics of closed currents and magnetic fields outside the dense pinch column in a 
plasma focus discharge; Physics of Plasmas 27, 092702 (2020); https://doi.org/10.1063/5.0010249 
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measurement of their coordinates along the "z" axis (see the diagram above). The design of the discussed system enables 
the head to move in the direction perpendicular to the optical axis of the lens. As a result, the location of the nodes can be 
freely set (in a certain, allowed range). 
During the discharge performed on the DPF-1000U device, plasma radiation - approximately proportional to the square of the 
electron density, is captured in the area of each node and hits the corresponding optical fiber located in the system’s head. All 
optical signals propagate further along the FO links and eventually reach the optical-to-electrical converters, where they are 
converted into corresponding electrical signals (in analog mode), which are then recorded by a four-channel oscilloscope. 
Based on the data stored in the oscilloscope's memory, a time analysis of the recorded waveform is performed, consisting in 
measuring the intervals between successively recorded pulses - corresponding to the passage of plasma through successive 
nodes. These intervals are measured at the leading edges of the pulses at an amplitude of half the maximum value. The 
obtained results are corrected by the values resulting from: differences in the quantum flight time from the nodes to the front 
surface of the lens of the system and delays in optical links (measured by the reflectometric method). 
The interval measurement error is estimated at ±1 ns and is mainly due to the sampling frequency used in the oscilloscope (1 
GS/s), while the error in measuring the distance between nodes is within ±0.5 mm. Taking the above values as a basis, it can 
be calculated that the total error in estimating the plasma jet velocity does not exceed 1.5%. 
 

Exemplary results taken during experimental campaign performed on DPF-1000U device 

 
The PD’s spectral response and its modifications, which are introduced through the use of various blocking foils 

 

 
Soft X-ray pulses recorded from four areas of the plasma column;                                                   

The schematic position of these areas in relation to the device's CE and axis is shown in the right part of the chart;            
The colors of the waveforms correspond to the colors of the areas from which radiation is captured;                        

Time 0 corresponds to the start of soft X-ray emission; z = 0 corresponds to the face of the central electrode; 
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