Developing a Gas Nozzle for Laser Waketfield Acceleration
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Laser wakefield acceleration (LWFA) uses an ultrashort, high- We optimized resin printing parameters and g 2
intensity laser pulse interacting with a gas target to form a geometry to attain the maximal 50um trans- 0.3 S'OOE
plasma structure and accelerate an electron beam to MeV or verse resolution without warping and layer sep- G'OOE
GeV energies. LWFA uses acceleration gradients 1000 x stronger aration. The final prototype in Figure 2 is a v ‘ 0%
than those in traditional RF systems, reducing accelerator cost de Laval structure with an O-ring sealing the 0.1 #00 8
and size. LWFA requires precise laser-plasma characteristics. gas inlet. 000"

Fach laser needs a tailored gas target to control acceleration
parameters. Figure 2: The final resin printed nozzle prototype.

For a given gas, the Gladstone-Dale relation links refractive
— plasma wake index n to neutral-gas density p [3], [4]: Reference interferogram  Shot interferogram Interferogram processing is shown in Figure 6. Experimental and simulated density distributions
W W Lo NVW\’” el I e are compared in Figure 7 and Figure 8.
N _»: .. el n==*kp+1 (1) &

Simulation
electron beam

Figure 6: a) Raw interferogram; b) amplitude map; c¢) phase map; d) Abel-inverted density distribution.
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Profiles generally match simulations but lack fine-scale agree-
ment. Results:
nes o (Conical exhaust plume in Figure 7 confirms supersonic flow;
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A probe beam accrues phase ¢ while propagating through the
gas |5]:

Ultrashort laser pulse Laser + gas cloud Laser-driven plasma Accelerated electron beam
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. Dimulate nozzle geometries to measure plume parameters; : g 05 15 8 -

. | g p. p mterf:erence betv&.reen. referénce .and probe beams at angle 6, Figure 3: Bending of interference 2 oo . Primary error sources:
2. Build an optical setup to test the nozzle; creating alternating intensity fringes [6]: . . . g _ _ o

: : : o ' fringes at the nozzle exit during gas g e Transverse resin printer resolution is 10% of the smallest
3. Validate the design and identify improvements. flow (right) compared to background % 10 .
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I o1+ cos |2z sin 9 (3) (left) encodes density data. Axial distance from exit (mm) ¢ Printed layer structure exacerbates boundary layers, causing
) , , , diffuse gradients.

DESIGN We extract the gas density from the bending of fringes when the nozzle is activated under vac- Figure 7: Comparison of simulated

Scaling Laws uum, as in Figure 3. We designed an optical experiment using a HeNe laser and Mach-Zehnder and experimental density contours.

Density profile characteristic comparison

Exhaust density lineout comparison
Plateau density
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Vacuum Chamber

Gradient lengths must not exceed the Rayleigh length to limit

, _ _ Figure 8: Comparison of simulated and experimental density lineouts at differing distances from the
diffraction through phase objects:

nozzle exit (left), and density profile metrics (right).
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CONCLUSIONS

— Nozzle produces a supersonic gas plume consistent with simulation;
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We optimized for an 800 nm, 500 mJ terawatt laser system.

Ansys Fluent CFD Simulations

— Manufacturing precision limits experimental accuracy.
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