M Measuring Coulomb Explosion lons from OMEGA EP Interactions

Veronica Contrerast, Hongmei Tang?!, Félicie Albert?, Paul T. Campbellt, Hui Chen?, Yutong He?, Yong Ma?, Philip Nilson4, Brandon K. Russell!, 20 EhnSde (moh

MICHIGAN
ENGINEERING

CNIVERSITYOFMIEHIBAR " 1CcU0s, University of Michigan, 2Lawrence Livermore National Laboratory, 3University of California — San Diego, “Laboratory for Laser Energetics

Jessica Shaw#, Kavin Tangtartharakul®, I-Lin Yeh3, Alexey V. Arefievs, Louise Willingale! CENTER FOR ULTRAFAST

OPTICAL SCIENCE

Diagnostics Simulation: Osiris 4.0
. . Thomson Parabola lon Energ ] ] -~ Simulation P fers:
e Direct laser acceleration (DLA) can generate electron beams (TPIE) Analyzer . (a) lon Density Evolution n;(nc) ML ALDN T ATAMELEls.
: : . lon Energy pyr | 400 | | ] 400 o . % Pulse Duration =1 ps
with high charge to produce secondary radiation sources [1] : - t=2.20 ps t=8.06ps L a, =6 n, = 0.01n, )
e OMEGA EP experiments were designed to optimize the DLA _ 1 = |Ls 1 0 e ' e
. P J P Eion = Do qBxLp 9 + ? = 5 /@Llon density \/gb): Phase R
of electrons in an underdense He plasma : - S2001 2200 001 | avolution as laser space plots
e The channel formed in these experiments is key to Where m = mass, q = charge, B = magnetic | abl | | ol | rstpenelrates gas | Py Vs. ¥
. P . y field strength, Lz = length of magnet, [, = ;igie’:ios 0 e " | plume (2.20 ps)and || show the
understanding electron acceleration. The strong transverse distance from edge of magnet to detector, O . | . : e ||, | theripple effect after || radial
. . . . . and — IOI’] deﬂeCt|On dIStanCe Pinhole S 13 800 1000 1200 800 1000 1200 pUISe exits plume acceleration
electric field in the channel accelerates the He ions radially y ource [3] T  (um) . (8.06 ps) | oftheions
through a Coulomb explosion [2], making it an interesting g 1 e Note: No E field applied
. . " E; oK+ <= L b) lon Phase S Evoluti
complementary measurement for understanding the field \ NOte: Eion « y? / due to use of gas jet in o5 (0_35 on - mee Bpaes He R 4
strengths inside the channel. chamber. l. .

Log Counts

Coulomb Explosion

o iqal d . For a particular h CR-39 . . .
o ectrons ngg e outwar pOSitiOﬂ' 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
ponderomotively, creating a smaller pits — higher — o ””'m]
channel (blue) energy species 3 0 Increasing Increasing CO“CIUS'O“S & FUtUI'e WOI’k
e lons in the channel X 4| energy dde_f'tect'on
s (E; ) istance o ] .
explode outward as they F - s ORI (y) * The results from these shots indicate that higher densities allow for
repel each other and feel an of ;F’;g;‘f” al BRI EPRNEAL = higher ion energies.
electrostatic impulse force in the direction perpendicular to Higher £ > greater 7,1 V 5t Eﬁ ol — . Additionall){, the plateau in the trends appear to signify the presence of
the laser axis. This is the “Coulomb explosion”.  y-deflection distance i e U | Point shocks, asin [4]. | |
e It is anticipated that the ion energy may be proportional to y=0 * The highest er!ergllfs are measulredflr;;/::l. 3 554' where the on-— H
the ponderomotive potential. Densitv Gradient Scans Plasma Densitvy Scan measurementols ta ep at an angie o | rom t e tra.nsverse axisint e
aser Energy: 300, Plasma Density: 0.01n. BC, 1 Laser Energy: 244 J, BC, 12 forward direction, which also agrees with the simulation results shown in
e 2+ ions 5 He 2+ ions . . . . . . .
o e o \ e — [4] specifying that during higher density shots, ions are preferentially
. °_SNo00s: Sig Noze L " o accelerated slightly forward.
E e e, e N » Next steps are to identify trends in the ion data as the experimental
Tilted: Long 3 0 Sowee, ey, P Wetlagece ettt T, parameters are changed and compare to simulation.
down-ramp Laser PR L ——— %m _ “ee,
- - R o . . E e T
: ‘ P = b | R Acknowledgements
- ) e S o This material is based upon work supported by the Department of Energy / NNSA under
He Gas Jet, Straight Nozzle 2 25 3 ss do4s 5 88605 7 P 4 s 6 7 8 o 0w Award Number DE-NA0004030. The experiment was conducted at the Omega Laser Facility at
Laser Energy: 63J, Plasma Density: 0.004n_, BC, f/5 A " _ the University of Rochester's Laboratory for Laser Energetics with the beam time through the
He 24 ione ngle of Measurement: _ , . : TECNICO
S 27° forward from transverse axis National Laser Users’ Facility (NLUF) Program supported by DOE/NNSA. The authors would like e
1075 } :::. e ®  SN38042: Siraight Nozzle to thank the Omega EP staff for all their work on this experiment. Additionally, we'd like to
X [mm] . ".-.::-, yo / \ acknowledge Osiris 4.0 for enabling the simulation work for this project. UCLA
: _— oo » Tilted nozzles tend to lead to a
e A1 ps pulse was fired at a He gas 21 . |
| | 2 0 plateau structure R ef erences
target in the geometries shown on He Gas Jet. Tilted Nozzle C D = R  The straight nozzle shows a greater
g 107 ¢ o | ® . .
the right to create the channel. 2 e [ S number of ons measured - |
. . IR AN . * Increasing the plasma density gives: 1] A E Hussein et al., New J. Phys. 23, 023031 (2021)
e Plasma density, laser energy, and nozzle angle are varied LN ) (g) (LB(;ﬁatGerr ﬁa:?ens slosielye 2] K. Krushelnick et al., Phys. Rev. Lett. 83, 737 (1999)
for each shot. 25 3 35 4 45 5 55 \ (b) Jerp . / 3] J. A. Cobble et al., 40th Annual Anomalous Absorption Conference, (2010)
Energy, MeV - - .
iy 4] M. Wei, et al.,, Phys. Rev. Lett. 95 (2004)

Angle of Measurement: Transverse plane



	Slide 1

