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Legend
Ad Aerojet Nucleonics. 250 kJ, 20 kV, 320 uF.
Da Darmstadt. 0.34 - 1.35 kJ; ]JO - 20 kV.

H Hoboken. Electrode structure is identical to
that of Darmstadt group.

H' Hoboken. About 5 kJ.
Aerospace Corporation.
J Julich. 25 kJ; 40 kV.
Li Limeil. 96 kJ, 40 kV.

Li' Limeil. Plasma focus driven by expolsive
generator.

LA! Los Alamos. DPF-6; 420 kJ.

Los Alamios. DPF-53; 120 kJ.

LA Los Alamos. DPF-6; 210 kJ.

Moscow. Y - 10'Y to 10'' DD neutrons; 1 = 1 MA.
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), B, = 750 kJ; U,= 80 kV;
), B, = 1 MJ; U= 40 kV
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n Poseidon

- the quiescent phase (plasma
expands tor = 2r, .,

- the instability phase (m=0)

- break-up of the plasma
column caused by instability

Beam-Target !?
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Neutron Fluence Anisotropy A 00

— Calculation:

cross sections from
N.Jarmie, J.O Seagrove
(LA-2014)

- A=(1+cos26)n+%"cosel-
20 Zz0 60 80

Lab Angle of Neutron, ©
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Goals of Experiment

Definition of the neutron emission characteristics (
) from large PF facility;

Definition of the relation between the Y and plasma sheath
dynamics, with particular attention paid to structures appearing
within the pinch column;

Definition of correlation between the neutron generation and
other types of 10nizing radiation produced within PF discharges
1.e. fast electrons, protons from DD reaction, soft and hard X-
rays, etc
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Apparatus

Early and Intermediate Stages of PF Phenomenon Final Stages of PF Phenomenon
Breakdown and Current Sheath Acceleration Radial Comression Plasma Column Creation
Build-up Phase Phase Phase and Disruption Phases
outer electrode EETTETY EEETTET —
{usually cathode) " -, E-M

inner electrode P I | EH Radiation
(usually anode) Sy —, —, s ot

trigger lvr 0 /

pulse | -~ g L ___ Electron lon |4
IVr i Bea ms__- : Beams|

— ] —y . I 2y \"I.\ :

e “ Neutrons from [k

H¥%

HV ol M | hy from
Spark Gap " i Spark Gap \ D-D Reactions 3
Condenser insulator / Condenser o H L
I Bank alumina High Vacuum Working Gas I Bank
— — experimental Pumping System (usually — ——
= - chamber deuterium) - -

02.10.2000 R.
- PF- 1000

i
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Generator PF-1000

the charging voltage - U, =20 - 40 kV,
the bank capacitance - C, = 1.332 mF,
the bank energy - E,= 266 - 1064 kJ,
the nominal inductance - L, = 15 nH,
the quarter discharge time - 7, , = 6 us,

the short-circuit current — I = 12 MA,

the characteristic resistance - R, = 2.6 m.()
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Electrodes

CE diameter - 226 mm

OE diameter - 400 mm

OE consists 24 rods (diam. 32 mm)
length of electrode - 560 mm

length of insulator - 113 mm

02.10.2000 R.
. PF- 1000

CE diameter - 226 mm
OE diameter - 400 mm
OE consists 12 rods (diam. 80 mm)

length of electrode - 560 mm

length of insulator - 113 mm
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er Activation Counter Rogovski coil
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TOF (spectra — T)
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dli/dt

Measurements of Current and
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Compression, Pinch & Post-pinch

Visible frames - exposure time 1 ns, window 589 nm
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ime 2 ns, window 200-300 eV+above 600 eV
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Visible frames - exposure time 1 ns, window 589 nm

10 cm

anode

) 60 ns p) 50 ns a-d implosion 2x10°m/s
¢ minimum radius =0
c-g¢ intense light - dense
plasma, dense spherical
structure
o-p instabilities
‘ j-m second pinch

m-n second explosion

m-p second dense structure

e) Ons f)10 ns g)30ns h) 50 ns

1) 90 ns j) 100 ns k) 120 ns 1) 130 ns

m) 130 ns n) 140 ns ) 160 ns p) 170 ns

Institute of Plasma Physics and Laser Microfusion
Warsaw, Poland



XUV frames - exposure time 2 ns, window 200-300 eV+above 600 eV

10 cm
m - - m
[®]
(@]
=
(]
20 ns -10 ns ) 30 ns a-c pinch o 1-2 cm;

d — first expansion

e-1 - second pinch
o-i explosion, dense structure
dense spherical structure

) 80 ns

g) 140 ns
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4 cm

Visible streak-camera

0 100 200 ns
\ | \

Institute of Plasma Physics and Laser Microfusion
Warsaw, Poland

«



Correlation of neutron signals with frames

(first neutron pulse)
-50 ns -30 ns -10 ns 0 ns 10 ns
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XUV frames - exposure time 2 ns, window 200-300 eV+above 600 eV
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deuterons the detector
samples used in the

cameras were covered
with 80 pm thick Al-foils

Small ion pinhole
cameras equipped with
PM-355 detectors were
used to determine fusion-
reaction proton emission
sources.
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Images of fusion-proton
emitting areas, as obtained
after etching of the PM-355
detectors irradiated during
five successive discharges
within the PF-1000 facility

(operated at p, =4 Torr D,,
T o n U, = 31 kV).
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Example of the image of the
fusion-produced protons, as
recorded upon the detector
placed at 90° to the z-axis in
the PF-1000 facility.
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Scintillator PMT detectors:
S0(58.34m, 0°), S1(16.33m, 0°),
S2(7m, 0°), S4(7m, 180°), S5(17m, 180°),
S8(58.34m, 180°)

Collector

Copper electrode
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PMTO 5834m 353 28 2 19
vt

"PMT 180° 58.34 m |

2,14 MeV

-6 2.69 MeV

I L I % | ¥ 1
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Results of TOF measurements

Shot Y, t(0°) | t:(180°) | At=t,(180°) - t,(0°) |  Ep [keV]
number L1(90°) [us] [us] [ps]
5544 2.03.10" 4.734 5.055 0.321 70.0
5566 1.49.10" 4.615 5.035 0.420 120
5569 1.76.10" 4.643 4.965 0.322 70.4
5575 1.92.10" 4.509 4.789 0.280 53.2
5592 1.34.10" 4.623 4.911 0.288 56.3
5605 2.28.10"" 4.770 5.158 0.388 102
5620 1.14.10" 4.860 5.147 0.287 55.9
5649 1.55.10"" 4.573 4.874 0.301 61.5
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Legend
AJ Aerojet Nucleonics. 250 kJ, 20 kV, 320 uF.
Da Darmstadt. 0.34 - 1.35 kJ; ]0 - 20 kV.

H Hoboken. Electrode structure is identical to
that of Darmstadt group.

H' Hoboken. About 5 kJ,
AE Aerospace Corporation.
J Julich. 25 kJ; 40 kV.
Li Limeil. 96 kJ, 40 kV.

Li' Limeil. Plasma focus driven by expolsive
generator,

LA] Los Alamos.
Los Alamios.

DPF-6; 420 kJ.
DPF-5; 120 kJ.
Los Alamos. DPF-6; 210 kJ.

Moscow. Y - 10'Y to 10'! DD neutrons; I = 1 MA.

PF-1000, 1,8 MA,

Y= 3-10"1 n/shot,
E=480 kJ
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Measurements of Current and
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Legend A
AJ  Aerojet Nucleonics. 250 kJ, 20 kV, 320 uF PF-1000. 1.95 MA
Da Darmstadt. 0.34 - 1.35 kJ; 10 - 20 kvV. T ’
H Hoboken. Electrode structure is identical to- ~ 11

that of Darmstadt group. Y= 6-10 nlshot,
H'  Hoboken. About 5 kdJ.
AE Aerospace Corporation. E=550 kJ
J Julich. 25 kJ; 40 kV.
Li  Limeil. 96 kJ, 40 kV. <
Li' Limeil. Plasma focus driven by expolsive PF-1000, 1,8 MA,

generator,

1 &

LA2 Los Alamos. DPF-6; 420 kJ. YE 3_1011 n/ShOt,
LA Los Alamos. DPF-5; 120 kJ.
LA Los Alamos. DPF-6; 210 kJ. E=480 kJ

Moscow. Y - 10'Y to 10'! DD neutrons; I = 1 MA.
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Question for future

" Determination of parameters of the dense
plasma structure in the head of the pinch

= role of disipation procesess of magnetic
field energy into a pinch plasma
= nature of neutron generation

Correct neutron measurements

Measurements of a current flowing in a pinch

Institute of Plasma Physics and Laser Microfusion
Warsaw, Poland N



|

tivation Measurements ~ Current probes

(anizotropy !!) Soft X-ray Measurements

ethod of calibration! (D+Ar or D+KTr)

PMT
TOF (spectra)

Institute of Plasma Physics and Laser Microfusion
Warsaw, Poland “*'




frames

m (ful angle @ 1/e2) < 0.25 mrad
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Cut view of MCNP geometry of PF-1000
facility.
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Parent Sensitive for

a_Llighter 0,45 [barn] abundance thermal Relative mass ratios

o ratio (@) | neutrons (Sy)
22m 04 1 | Yes ol o e g | o7
95m 1.5E-5 1 No

5.5h 2.7 0.3508
0% 18% 0%
424d 0.03 0.3508

48.5 m 1.76 0.128

25h 0.01 Yes 0% 33% 40% 48%
0.0749

34h 0.01 Y

es

157 s 1.12 1 No 24% | 43% 21%  26%
No
o

7.36s 1.87 0.763 0% 8% 4% 5% 0%
4.86 s 1.82 0.5069 N 0% 12% 6% 7% 0%
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Incident neutron data f ENDFIB-VILO [ MT=4 : (z,n") total inelastic scattering f Cross section

Cross-section (b)
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rement of the full energy peaks for multi-elements

tector (35% ‘effectivnes’, coaxial, pre-calibrated)

nfolding method using activation measurements.
he procedure of minimize following functional:

= [[0&)- (B} -0,2(E)-dE

, Where ¢,(E) is a first step approximation of the
ained from another procedure (e.g. MCNP
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