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—— moivation - warm dense matter studies

—  beam requirements
—— summary of previous measurements

— transverse focusing of a neutralized ion beam

— longitudinal compression of a neutralized ion beam
———1 first simultaneous and longitudinal compression experiments

1 e-tloud studies in solenoid transport channels

~—— next steps: final focusing solenojd + plasma




Before WDM user facility, we plan a modest upgrade ...
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2.8 MeV Li* -- Possibly less costly.
Issues: source, beam formation, higher ¢, .., at injection, T,




Neutralized drift compression

—— Acceleration and velocity ramp for compression

— induction core(s) or other (Pulse Line lon Accelerator?)

—— Need o cancel out space charge

— plasma column with n, >> n,

The Heavy lon Fusion Science Virtual National Laboratory
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Neutralized Transport Experiment (NTX) demonstrated fusion

driver issues
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First round of neutralized drift compression experiments...
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Huge advantage of neutralized compression for high

perveance (K = 10-%)
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~500 x enhancement of intensity on target is possible
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plasma sources for 1-2 meter drift compression.
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Both approaches not yet optimized, high;Fdensiiy possible.
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..observed 50x compression in a 1-meter neutralized

drift experiment. Good agreement with EM-PIC model

» 60 ~ 5 ]0]0 -3
-E 50 Np~ JX (m Experiment (fast Faraday cup)
e LSP (PIC) Simulation
= 4':' k .
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LSP™: EM - PIC code including plasma modeling and beam plasma interaction.
*Voss Scientific, www.vosssci.com




Next step: Simultaneous transverse focusing and

diag. #1
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Required modeling of the defocusing in bunching module gap due to energy

change, time-dependent E;

Angle at entrance to bunching module
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Compensation of transverse focusing effect in induction gap

The simulations implied that simultaneous longitudinal
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Most recent NDCX setup
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Beam current - no velocity tilt

Beam Current (bunching module off)
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Simultaneous and longitudinal compression
experiments
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Time = 4.92 us

2X reduction in the spot
size (4X increase in beam
infensity) brings the peak
beam density fo the range
np =10"-10'2 ¢m,
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A new bunching module will increase the voltage amplitude

and voltage ramp duration

" --> 20 induction cores
--> higher voltage amplitude
& AVAt

Beam experiments in 2007.

-120 +
-160 +

17

160 T
120 ¢

—

250x compression {model)
125x compression

(model)

60x compression
measured, modeled

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Time (ns)

Gap geometry is flexible;
opporiunity to optimize.




Gap geometry - design allows for straightforward

modifications
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1 NDCX longitudinal energy spread measurement T,= 1.5 eV

(new electrostatic energy analyzer)

Energy Spread at 7.5 us in Pulse

b
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Upper limit due to coarse measurement intervals, uncertainty of instrumental resolution.
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broadening due to finite entrance slit = 1 mm -> 8%.

New analyzer can measure up to 1 MeV ions, with resolution few x 10,

It was used to verify ion acceleration and beam dynamics of the prototype Pulse Line lon Accelerator module.
valuable for disentangling contribution to focusing limits from initial beam conditions and bunching waveform fidelity.
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Electron and gas desorption may degrade the beam quality

—(onducting experiments with e~cloud diagnostic rings in solenoids
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Preliminary results from e-cloud diagnostics

Short electrodes (-1 kV) in solenoids
expel electrons
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long electrodes (+1 kV) collect electrons along
solenoidal field lines between magnets.
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A final focus solenoid is needed to achieve

Tiy=1 V. Modeling for NDCX and HCX input beams
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Final focusing solenoid + plasma will be tested on on

NDCX in 2007.

M injection profotype
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Neutralized drift compression:

—  Demonstrated longitudinal beam compression with transverse compression

—  Ti=1eV: inferred from compressed pulse width & also consistent with uncompressed beam
through new energy analyzer. More measurements planned, valuable for disentangling
contribution to focusing limits from initial beam conditions and bunching waveform fidelity.

— A new induction bunching module may provide compression up to 200x.

— 515 Tesla final focus solenoid is planned to increase transverse compression fo < 1 mm.
Solenoid transport

—  Injected and matching high-perveance beam into solenoid channel. Beam dynamics studies,

gas and electron effects...
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