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Abstract MAFIA Simulation on NDCX-II design goals
The Pulse Line lon Accelerator (PLIA) (proposed Before th m enters the Dri mpression Section, NDCX-11 beam requir
by R. Briggs) produces a traveling EM wave by I n S U | atO r B reakd OW n efore the beam ente %t e e A Sl
applying a voltage pulse to one end of a helix that . . . Final beam energy = 2.8MeV
accelerates and axially confines the heavy ion PLIA m od el IN SIMu | ation Total charge = 30nC
beam pulse. An anomalous flashover phenomenon il
has been observed on the vacuum-insulator ronond rowmior ll - Normalized emittance = 0.487 —mm —rad
surface which limits the amplitude of the b o aiinain e . o
accelerating field. It has been suspected that a o e resistor ? Sp/p=6x10
_small component of high frequency modes in the : $ Sviv=0.2
input pulse may be the cause of the breakdown. b= ——vacum
Simulation using MAFIA (MAxwell’s equations > pr— g i H i i
by Finite Integration Algorithm) was conducted to s B,;" v Th € B asic Des | g n Pr I_n Cl p I € )
investigate the fields on the insulator surface. A : 5 ft};itfﬁg'bzgsnwaﬂg\gwrzssst(r;l;gzg\lr?:tae?fie‘:v?g:?/:]rglést)f:::ﬁr
fﬁ:léggnﬁﬂa‘gzz;rgﬁ): ig ;?n:i'lj;tcig:.ugzt?:gﬂgis Fig. 3a Dimensions of PLIA model Fig. 3b Cross section of enters the PLIA tube) was used. The length of the 1st ramp
ical simulati PLIA model is much less than the beam length and thus it has high
of these numerical simulations, we conclude that = = 9 g
high frequency modes, even at very low Figure 3a and b show the dimensions and the circuit of the scaled helix used in MAFIA. The gradient. The 2nd ramp is longer and has much gentle
amplitudes, may indeed lead to the observed helix wire connects between the front-end and termination resistive dividers and the voltage slope. The energy gain of the beam mainly comes from the
insulator flashover. filament connects directly to the beginning of the helix wire. All the wires wind around the Lstramp. The 214 ramp controls the expansion of the beam
Moreover, PLIA is a possible low-cost accelerator glass insulator. The inner radius of the glass insulator is 23cm and the radius of the tank is Fig. 9 The waveform used for the due to its intense space charge. Note that the gradient of the
concept which prepares the heavy ion beam for the 38cm. The wire spacing of the scaled helix is 6.35mm, which is 5 times larger than the wire- NDCX-11 Design. first ramp s limited to 2MV/m and the total voltage of the
experiments of high energy density physics and spacing in the scaled helix experiment. Larger wire-spacing was used in simulation in order to waveform is limited to 150kV
warm dense matter. WARP was used to simulate model the PLIA in an efficient way. A scaling relation was proposed to compare the lower wave speed higher wave speed N .
the beam dynamics of PLIA and it shows that simulation results with experiment the measurements when they have different wi i . el - e - X |
PLIA may accelerate the beam to meet the . 3 i . 8,
NDCX-I1 requirements by using relatively simple Scal | ng Law i o without2nd amp -
input voltage waveform. : A- > i = i
. For the sake of simulation efficiency, a scaling relation was proposed here to make the e = e Al
I n t ro d u Ctl on simulation faster. It is hypothesized for the scaling law that S e B
; s if Aoy g 1S Kept invariant, the EM field pattern should remain !
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PLIA unchanged for different wire-spacings ! \‘ ¥
The pulse line ion accelerator (PLIA) provides a Cons|stency Check Of the Sca“ng |aW 10 T . oo hzb S
low-cost possibility to accelerate and confine 510 19 cce R the bearm Fig. 11 The 2% ramp cancels effectively the
heavy ion beams to regime of interests for the ., " . ‘E"t"z":;flvssc - Wire spacing=6.35mm Wire spacing=12.7mm t'hsé']g W;th:"tg el Se:;'; Stﬁzelafl g‘iﬁemm distortion of phase space of the beam due to
studies of high energy density physics and warm | e input input frequency=25MHz Wer the wave speed, 9 space charge effect.
dense matter. A voltage pulse is applied to the | | = tmeatz=25em requency=12.5MHz : G,
front-end of PLIA and generates a traveling | | [theoretical wave speed A ; H H H
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Fig. 5 Ez against time on axis at z=25cm
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Fig. 1 Helical pulse line ReSUIt = e 1
The velocity of the wave pulse is determined by 38 47m s Drll compression Tage
the impedance of the helix tube and the waveform - B . . : 10
of the pulse depends on the waveform of the | | Fig.6 Ezon axis and linear i
applied voltage pulse. The ion beam can be 1t = extrapolation from low ' + ; tadeng
accelerated and confined by specific waveforms frequency. When ka>>1 (k is 77m 124m 17.3m
and velocity of the wave pulse. lhe wa\‘/je_ m)JmEerfar:g ais lh_e
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Figure2 shows the scaled PLIA used in —_— —_— — Lo
experiments performed in Lawrence Berkeley o “
National Laboratory. It shows a vacuum pumping L i . Y B =
on the right side while the direct drive high t - I r "
voltage feedthrough is on the left side. The s f
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Fig. 7 Comparison of Ez on axis and on insulator surface for the case (a) ka<<1 and (b)
A proof-of-principle test was done on PLIA ka>>1.
successfully. But partial discharges were = : : - T
observed on the insulator surface for a relatively Fig. 13 Snapshots of the beam at different
low input voltage (several tens KV) in further e} times
tests. 50MHz ringing was observed on the pulser 2 - - . i - b wies
output current and therefore high frequency (= 3550 <5200 (GG i i
mc;des in F;LIA produced in the sgark gap of the N Fig. 8 Plot of amplitude g Fie s | tOTOS 1=10.45us
voltage pulser were suspected to be the cause of : =
the anomalous flashover. The partial discharges 10 oHEZ oninsulator furface
result in distortion of the traveling EM field - N against frequency f H " : 7
pattern. Simulation using MAFIA (MAxwell’s . helix 1 helix 2 helix 3 helix 4 helix 5 the end of
equations by Finite Integration algorithm) was M helix 5
conducted to model scaled PLIA and to Fig. 14 Phase Space of the beam at each helix and the final phase space with beam energy ~2.8MHz
investigate the strength of the fields of high P = = o 5 e = B., Nl s e % O
frequency modes on the insulator surface. . | sl frequency £ (MHa) . . 1 y Finally, the beam has:
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