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over plasmonic timescale (strained under high fields)

energy band structure

lattice structure — Bloch’s theorem : QUANTUM
electrons - specific occupancy states, kg 3/2
near-continuum Energy levels, & energy BANDs | Quantum degeneracy parameter: x = % (,;—FT>
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. . . Quantum correlation parameter: I' = 8
non-interacting Fermions

Pauli’s exclusion principle : QUANTUM

Quantum electron gas: conduction band e~ - delocalized, nearly free (collisionless limit)

PLASMON - Quantum e- gas oscillations in response to EM excitation
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nm EXtreme plasmons
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The focusing force is zero inside the channel for a very
relativistic particle. The spikes at the channel walls are

Universiy of Colorado Extreme Plasmons

Perturbative §=002m) A < A A An, K no\

(conventional) «g” - angular disp. of collective e osc.\_ trajectory \ € density
Large-amplitude [ amplitude An, ~ ng [ displacement
or Extreme 0 > A J J

(unexplored) Quantum coherence limit
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2014-15 proposed new mode in a tube — “crunch-in mode” [A3<esh A Sahai
_ _ Phys. Rev. Accel. Beams 20, 081004 — Published 23 August 2017

published in 2015 (IPAC) and 2017 (PRAB)
violates the|well known|and|expt. characterized|“hollow-channel mode”

\ Demonstration of a positron beam—dri\)en hollow

VOLUME 81, NUMBER 16 PHYSICAL REVIEW LETTERS 19 OCTOBER 1998 channel plasma wakefield accelerator
. . . . 22:;::;:; zisrr:e;’ frPi.kD:(Ija“I:’a;:Tie?AF.reA;:?loXVSE:ITi‘:;gZ;.\Z:’eri?zsa::tee: strtfillz:‘ljj El:glzz:::,o 2:an Joshi3,
ngh Beam Qllallty and EfﬁCIency in Plasma-Based Accelerators Carl A. Lindstram?, Nate Lipkowitz', Michael Litos', Wei Lu®, Kenneth A. Marsh3, Warren B. Mori34,
Brendan O'Shea', Navid Vafaei-Najafabadi3, Dieter Walz!, Vitaly Yakimenko' & Gerald Yocky1
T.C. Chiou and T. Katsouleas

experience strong transverse forces that may disrupt the beam quality. Hollow plasma
channels have been proposed as a technique for generating accelerating fields without
transverse forces. Here we demonstrate a method for creating an extended hollow plasma
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= |arge-amplitude, relativistic plasmons . 0~ A\
radial motion driven by collective beam fields B o ZubSE ePiEon Aensiy e 4
= AR T
» |arge-scale e~ ionic-lattice displacement g 02 e f
strongly electrostatic plasmon 2 0 23
T -0.2 %
= RELATIVISTIC e~ - kinetic energy > surface potential # - F =
- > "L ‘ S ) R~
surface e~ — go across the surface : 19 20 01 99
] ] ] ' . . = Longitudinal dimension, z axis (pum)
= particle-tracking sim. — highly localized e~ density
2018-19 put forth extreme plasmonics — using Quantum electron gas 0.1y/n0[1024cm—3] PVm ™!
to prototype the crunch-in mode and : :
make use of its advantageous char. Quantum e- densities — 1024 cm-3 PV/m EM field frontier
2019 invited talk at Fermilab XTALs workshop 1 ((Tntl. Jour. Modern Phys. A, 34, 1943009 (2019)]
Mar 2020 invited talk at CERN-ARIES workshop | DO 10.1142/80217751X19430097
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large-amplitude oscillations of Quantum electron gas
trends towards smaller bunch dim.s — match with FACET

300

dim. 2, y-axis (nm)

= proposed - metallic nanostructures (nano-porous Au walls)
to control the quantum electron gas properties

Transverse

= relativistic, large-amplitude dynamics of Fermi electron gas PR £ Ty M m
| I 1 ) dimension:
3D simulations of plasmons - 10TV/m fields ‘

Tr 2 9.5
ansy . : =
V. dip, 1 0 19.0 ‘u\\&"““\‘“‘

» 300 kA beam G. White's work /Science meeting 2079]

PAC feedback: -

» need “ionization” ? guartum-electron-gas-{NOTunderstood)

= discussion of measurable expt. signature ? sub-pm bunch: a; ~ 400nm, o, ~ 250nm
plasmonic tube: r; ~ 100nm, n; ~ 2 x1022cm?3

= destruction of tubes ? nearly matched: Aplasmon =~ 250nm

Aakash A. Sahai, Univ of Colorado Denver, Adv. Acc. Concepts 2024



@8 yrversy of cooracs expt. efforts - ||
SLAC FACET-Il 2022

CHEMICAL
Tunable plasmon - match with FACET-llbeam REVIEWS—~

Localized Surface Plasmon Resonance in Semiconductor

) Nanocrystals
» doped Semiconductor tubes: 100 & 30 pm S e ap
tune quantum electron gas properties rect. tubes

n-type P-doped Silicor abricatedin S ¥ o A ]
Quantum e~ gas density ~ 108cm-3 (~ ny:KPP) SN Y i
NANOL[T\T_})

» tube radius: 100pm, 30um
Aplasmon ~ tube dim. ~ 10s of pm
large-fraction of beam particles — inside the tube

Phosphorus-Doped Silicon Nanocrystals Exhibiting M|d Infrared
Localized Surface Plasmon Resonance

semiconductors: QB
n, ~1012-21 ¢m3

’g\l‘Oe tad'“lssﬂ

» 100 GV/m acceleration and focusing fields

computationally demonstrated % r
= expt. ready Si tubes — designed and fabricated E e
IEEE Access A
PAC feedback — develop extensive expt. plan Approaching PetaVolts per Meter Plasmonics

Using Structured Semiconductors 10.1109/ACCESS.2022.32314
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Tip/tilt actuators

Knife edge translation
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