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Motivation and Background - Drive current loss can limit Z performance " MiniXRDs used to infer cathode plasma blackbody temperature

° Z can de“ver to 27MA to We”'matChed targets (dynam|c IA Lossv Maaneticallv Insulated Transmission Line (MITL — A M'ﬂ'XRD |S a negat|ve|y'b|ased CO||€C'[OI’ W|th ||ne'0f'
hohlraum wire arrays), but high-impedance loads # sight to cathode electrode via 1.5mm aperture.

(MagLIF liners, large-diam. wire arrays) lose 5-6 MA E~MVicm  ~MA &) \ Conductors Ohmically \ \ \ e Bound current and anode ions quickly heat c;ath_ode

» Amajority of the loss occurs in the post-hole convolute | \ocium < 10510 ACEI AT JOME electrode plasma to >1eV temperatures, which is

(PHC), the 3D structure that adds the four parallel Pulse R | S Qa“é\i’;e‘e\ assumed to radiate as a blackbody.
MITLS into the target’s final feed » L'Sptacdeéha{ge ® Ci:‘joss the AK Ga)p (“36:;«)36 e |Incident photons on MiniXRD electrode produce
: : : ~ Imite ectrons eposit ener 25 ' ' 1<iti

. PIC codes are used to infer loss behavior, but physics (hreshold - 260 kviem) | @ep gy 9\“&&, photocurrent, whose signal is measured by acquisition.
models are still being developed. y Sl T (7 S Radial Feed | - -

K g | g . MITL Electrons are Magnetically RS Bl /xial Fee MiniXRD with ~1” drift tube observed no negative-particle fluence (A).

* We work to deve op IagnOStICS {0 measure |- nsulated due to Strong B-Fields g2 A null was fielded to confirm noise immunity (B). MiniXRD electrodes
phenomena and understand convolute pOWGI’ flow v > o El 1.2 with short drift lengths observe particles prior to insulation (C).
dynamics, provide V&V data for advanced PIC models | Gathade e | “E + MiniXRDs have been fielded on three shots. We are

R ——— N : S ® el 108 adjusting expected signal response to prevent clipping.
- AnOdeS II_ _ A p h en O m en O I Og I Cal d escrl ptl O n Of Z Cu rrent IOSS ~0 HE S ...ul P e e ’ 0 20 40 60 20 100 ,i\;gal feed MiniXRDs during Power Flow 17a 106 MiniXRDRlesponse::lnd InferreldCathodelTemperatlure,23084I | .
Bl Cathodes | | o Early-time convolute voltage exceeds 250kV/cm ‘ e ) MinXRO Signal (V) ] —— - i
0 threshold for exp|osive emission from cathode surface Computed blackbody spectral intensity, with geometric effects, is convolved with |, [T 2%0% (nbiased T Rea e P
| | ] _ copper photoelectron quantum efficiency (left, from Day? and Berglund?) to s 1 S 6 - _//:/ i
i | ® B()und an()de current pIUS electron and negaﬂve 10N determine detector current. MiniXRD voltage measurements scale to effective g o : Y o , &
| _ : o observed blackbody temperature (right). : - N g
<% 1N bombardment quickly heat anode surfaces to >400°C . . . il a»
| % . Desorbed gases from anode ionize. form surface * MiniXRDs with short drift lengths also observe negative [ ° e ™ e
S S —— | o+ q[ e ! MITL particle fluence. Current densities averaging ~30- S T
- asSima that source positive 10Ns aCross ap. ‘A f - ——
Currgtnht il mt_Z I}/IIITdeon\{tqute p . . . . p . g p i 4OAlcm2 are Observed In fmal (radlal) power feed' Biased and unbiased MiniXRD electrodes for Z3084 and Z3086 (left)
v;\(l:ltorrsnag\rr:gcliz plé);tseenxstle?:d e Distribution of insulated e- in MITL vacuum gap partlally o Negative partides and phot0e|ectric currents produce show photoelectron production. Processed cathode temperatures on
' : - -y - : : : : shot Z3084 for radial and axial feed MiniXRDs (right) suggest axial
thrhoi;Engchattehdoggf[lﬁILeg,PVEEIJ(':O” neutralize Space Charge, enhance pOS|t|Ve lon flow \\COmDEtlng voltage components, confusing interpretation. MITL cathode surface is hotter than final power feed cathode. /
R calculation showing plasma across gap above bipolar space-charge limit (n ~10-25). ~ <
= accumulation in downstream : :
ion of convolute! (righ  Convolute 3D field topology further perturbs this model.
| S— I+ region of convolute! (right pology P /| In-Post Magnetlc Spectrometer (MagSpec) to observe H-
3 ' e Diagnostic uses permanent magnets to steer ions into detector
Faraday-Cup Anode Posts (FCAPs) measure negative particle flux | crsplasi records ok
/ Y- P g p ?;stgrveefén;ee%ﬁtﬁg’isﬂﬁi = « CR-39 detector is recovered post-shot, etched, and tracks counted
* Electrodes inside convolute anode posts measure negative particle » Diagnostic will provide time-integrated, energy-resolved H- fluenc
fluence (electrons and negative ions) incident on anode surface. FEMEmEn: NERIEs (B 2] | Sandia lon
- - 8 3 [ od Proton distribution for eV < 1.33 Proton Distribution for eV >1.33 Mev | Beam Lab
 We use thin copper filters to block ion species and neutrals, and : o 4 o s 8
. . . [ = ~ calibration
Isolate high-energy electrons for collection by electrode. . \ l 1 s points
« 2mm Cu and W electrodes are now used to provide sufficient rea. ~1mm apertures s 2 1 g 3
- - ' 8 0.8 _ -
stopping power for 2-3MV+ electrons. drift tube collimate — 2 o 5 2
» Numerical subtraction of filtered from unfiltered signals infers scattered fon fluence 504 T
. . . . (a1 () .
UfpeddgatlngPIfonL CLontrIbUtlon to IOSSDSnl;lr[aE?:QE;tafor2.03mmelectrodes,MagLIF22914 C - A ted lvimide fil 30 40 50 60 03_00 400 500 600 7.00 8.00
e downsiream FEATS Tom Fow o Nesteqire arrays FCAP null measurement (left); “downstream” line of sight (center); Ruu-tchoe?f?)r dl?gcxgtrpelrseic;nrg Axial Track Position (mm) Radial Track Position (mm)
i GRS Vs o~ "Upstream” line of sight is aligned with convolute magnetic null (right) from downstream ECAP LOS In-post MagSpec has been designed (left); measured proton deflection in nominal 0.7 T field
0 bAoA AR / Upstream FCAP data from 22898 - MagLIF Liner Measurement of moving magneti null from Power Flow 17s: 23088 \ resolves H ions < 1.33MeV (center) on vertical CR39, >1.33MeV on horizontal CR39 (right)
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P B N A / W\? ; 4 Summary and Future Work

;  We have developed three new particle diagnostics for e Variations of upstream FCAP LOS will be used to
' diagnosing power feed plasma dynamics on Z. guantify loss current in convolute magnetic nulls,
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| = sommamn e = | El h - +  We plan FCAP experiments to understand effects of eliminate aperture effects from reported current density.
o s - | 0 A) “ @) - line-of-sight aperture (e.g. hole closure, effective area), ¢ These anode-based particle diagnostics will be fielded
azimuthal symmetry of convolute dynamics, and on upcoming dedicated 3-shot campaign whose
Time (v Time (ns) e @i — R collocated measurements of ion and electron species. primary objective is to provide a platform to mature
) _ _ Unfiltered upstream FCAPs measure magnetic null | © SZ4 S o _ : : g
Unfiltered downstream FCAPs show repeatable convolute behavior for low-L, wire currents for duration of pulse with Imm Cu (A), 2mm § | % g e The MiniXRD needs to decouple partlcle response from understandlng of power flow dlagnostlcs.
arrays (left). High-L, MagLIF loads (right) present higher current densities; varying filter W (B) electrodes. Electrons exceeding 1.25MeV 0 999 19 9 - - - .
eSpONses suggest either convolute asymmetry or significant low-energy electrons. ‘ange through Lmm copper n (4) but are collected | & | J 7 J 717 1|8 photor|1 fluence. \I/Ve alre mcorporatlcrllg I%Tgel:bdréft tubes o 9-11 FCAPs, 8 MiniXRDs, 2 MagSpecs per shot!
by 2mm tungsten in (B). Z3086 used three LOS s| 4 -1 1 3 to evaluate siagnal scalina compared to blackbodyv. : : : : .
 Downstream measurements show particle flux to anode after views to show magnetic null may move in time (C). | = me e e | 9 9 P y  Data collected with these diagnostics will play a critical
\magnetlc insulation in DPHC is thought to be established. 0 Our first attempt to fle_ld an in-post MagSpec will b_e Nov role_ln pr_owdlng validation datq for next-generation
e 2017. Our objective Is to recover the CR39, etch it, and particle-in-cell codes currently in development
é é P | evaluate the efficacy of the measurement technique. /
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A) Faraday cups of various electrode diameters. B) cups with filter.

C) tungsten electrode cup. D) FCAP bottom view. D. Rose, et al., Phys. Rev. Accel. Beams 18, 030402 (2015)
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