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Abstract:

The UW-Inertial Electrostatic Confinement (IEC) device 1s comprised of concentric spherical metallic grids within a cylindrical vacuum vessel. The central grid, which
can be held at high negative potentials (180kV with current power supply), 1s the device cathode, while the outer grid, held at ground potential, 1s the device anode.
This configuration accelerates 1ons, created near the anode, toward the center of the device. A weakly 1onized cold plasma, created by a filament assisted DC discharge
outside the anode, is the ion source for the device. The fill gas for this device is typically deuterium at 1-4 mTorr, thus leading to D-D fusion rates on the order of 103
fusions/s. The high energy protons and tritons resultant from D-D fusion reactions have been observed using charged particle detectors. The diagnostic employing these
detectors, FIDO (Fusion Ion Doppler shift), 1s capable of discerning the Doppler shift on D-D fusion products imparted by the center of mass energy of the deuterium
reactants. From the fusion product spectra compiled by a multi-channel analyzer the energy spectra of the deuterium reactants can be calculated. Using this diagnostic
the effect, on the deuterium spectra, of varying the parameters of fill gas pressure, cathode voltage, cathode current and grid geometry have been examined.
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» The velocity imparted to the fusion product from the Q value of the fusion reaction is ' 0118 Toium ene % a8 \’«,ﬁ *********** P ooy
denoted v, that imparted to the fusion product from center ot mass velocity of reacting ) 9lem e ™
particles 1s denoted, v_,, the total velocity of the fusion product is denoted v,, and the Figure 3: A schematic of the FIDO diagnostic is shown to illustrate the how the diagnostic geometry Figure 5: Above is a fusion product energy spectrum that shows both Doppler shifted tritons and protons

enhances of the detection of fusion products with only parallel and anti-parallel velocity components. from D-D fusion. Prior to the FIDO diagnostic this resolution was impossible, due to X-ray noise.

angle between v, and v.1s denoted ©. (See Figure 1)
» The lab frame energy of the deuterium reactants can be obtained from the fusion product spectra as

shown below by extracting the lab frame energy and scaling the proton counts by the fusion cross sections
Grid Configuration Scan (75kV, 30mA, 1.5mtorr, 20cm cathode w/ 30, 40, & 50 cm anode)

»The 20° angle arm allows D-D protons and tritons to bend into the detector via the T  eenehmes g i, 12
1.5 T magnetic field present at the elbow O .

» The 1 cm diameter irises prevent fusion products with large perpendicular
velocity components from being detected.
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»In general for this setup, the perpendicular energy component allowed to enter the

detector will scale as, gV
EJ_ — E[Riris j
: . . : : , Calculated Deuterium Reactant
where d.. and R, represent the diameter of the irises and separation between the Up-shifted half of proton Lab Frame Energy Shift Enersy Distributions
irises respectively. Spectra with error bars For Varymg Nl Pessuns @ 008 & 20ma
Vs - A T
Figure 1: This illustrates the sphere in velocity space traced out by the v, velocity vector. It also > The elbow also eliminates the detection of X-rays 1n the Charged particle detector Pressure Scan 100} - 10’} | i
shows how each specific angle of O creates a differential ring on the velocity sphere. which are copiously produced in IEC devices from e induced bremsstrahlung (100kV, 30mA, 20-40 % | £
radiation emanating from the wall of the device. grid config.) | )
(See Figure 4) : _ \\\ |
» When viewing the charged particle fusion products in an IEC device with FIDO the o T B R N B A
parallel and antl—paralld components of v, can be .1solatec.1 by constricting the acceptance X_r ay N OiS e Suppr es Si on in th e FIDO Di D) gn 0 Sti C Lab Frame Energy Shif Caleulated Deuterium Reactant
cone to tne cnarge artiCic actcClors uscda 1n tne aiagnostic. (SEE F1gures ner 1stributions
to the charged particle detect d in the diagnostic. (See Fig 2 & 3) Energy Distributi
= " o Vaning Gtode otages . Forvarym Catvode Ve @ 20ma 8 25
Voltage Scan i Ty
(2mtorr, 45mA, 20-
40 grid config.)
Lab Frame Energy Shift Calculated Deuterium Reactant
For Varying? bggrc?écemcsu?reecrf’:a@ 2.5mtorr Energy DiStribUtionS
| | | | | | e e , For V'aryi;g&;1 %gﬁggeeriggrrlze?w?rg 1%%?(%2 2.5rlntorr 5
Figure 4: This schematic illustrates the trajectories taken by e-’s, fusion products, and X-rays in the FIDO arm Current Scan o EZ%EE
. (100KkV, 2.5mtorr, 20-40 o)
: »The 20° bend in FIDO is sufficient to bend the fusion products containing the v__ orid config.)
| | | | information into the charged particle detector while keeping the detector out of the line _1
Figure 2: The parallel and anti-parallel components of the total velocity vector of a fusion product : "
of sight of secondary electrons and X-rays they produce. B .
. Calculated Deuterium Reactant
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Conclusion
Contact Information: By examining the energy spectra of Doppler shifted fusion products from the IEC device, and 1solating the parallel and anti-parallel components of the spectra, it has been shown
Dave Boris: that the vast majority of fast particles in IEC devices have energies well below the cathode voltage. This is consistent with current IEC theory that suggests that at high pressures

IEC discharges will be dominated charge exchange reactions that produce large numbers of fast neutrals at lower energies. The data also shows that the spectra of these fast
neutrals and 10ons can be altered by varying the grid spacing.



