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(@ sty of Cotrace timeline of expt. efforts - |

PAC 2020
Extreme plasmons - first expt. proposal
large-amplitude oscillations of Quantum electron gas
trends towards smaller bunch dimn.s — match with FACET

Nanomaterials Based Nanoplasmonic IEEE Access
Accelerators and Light-Sources g/ 10.1109/ACCESS.2021.3070798

» proposed - metallic nanostructures (nonporous Au)
to control the quantum electron gas properties

= relativistic, large-amplitude dynamics of Fermi electron gas
3D simulations of plasmons - 10TV/m fields

, y-axis (nm)

2

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

Transverse dim.

PAC feedback — develop near-term, realistic expt. plan
to utilize KPP beam /report - “few micron’]
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= discussion of measurable expt. signature sub-pm bunch: oy ~ 400nm, o; ~ 250nm
plasmonic tube: r; ~ 100nm, n; ~ 2 x1022cm?3
» destruction of tubes nearly matched: Aplasmon =~ 250nm
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(G ety o colraco timeline of expt. efforts - I~ cHEMcAL

Localized Surface Plasmon Resonance in Semiconductor
Nanocrystals

Tunable plasmon — match with “few micron” FACET-Il beam

a P-doped SINCs b

= doped Semiconductor tubes: 100 &30 pm - e
tune quantum electron gas properties rect. tubes . FoT
- fabricated in Si . °¥
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Quantum e~ gas density ~ 10'8cm-3 (~ ny,:KPP) R JES T i
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= tube radius: 100um, 30pum semiconductors: o i e v s
large-fraction of beam particles — inside the tube t 2P
2H ube radit
B = 2B

» 100 GV/m acceleration and focusing fields

computationally demonstrated ~ i &
= expt. ready Si tubes — designed and fabricated %
PAC feedback — develop extensive expt. plan H ‘
= jonization of media IEEE Access ol

z, 070 AL
73 # o 2.238 1or

Approaching PetaVolts per Meter Plasmonics ey

= di iC pr rti - .
dielectric properties Using Structured Semiconductors 10.1109/ACCESS.2022.3231481
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Tunable plasmons - measurements
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@]\ University of Colorado measurement H# 1 target-time: 0.5 to 3 yrs.

Denver = u
plasmonic energy exchange with electron beam

rr = 20um, n, = n; ~ 10'8cm3
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energy xfer’d to plasmons high-energy tail

MEASUREMENT: first-ever signature of tens of GV/m acc. plasmonic fields

100s of MeV energy loss — large fraction of beam particles Cerenkov air spectrometer
100s of MeV acceleration — significant frac. of beam particles Energy — dispersed (y) plane
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@]\ Bniversity of Colorado measurement # 2 target-time: 0.5 to 3 yrs.
plasmonic focusing of electron beam

2L ' | 16 -' T T
) — O | IN;»X 104 .
-1.5 q 1.8+ z
transverse momentum- -} 1 . transverse-longitudinal
|Ong|tUd|na| Space A ‘ A A ’ 107 xl-(;l | ;)0;11(1)1 ph:so-;;)a('o l(!‘ 8(1)()() fs momentum phase_space
1.9 i eat
300
200 e p./py=
—~ 100 10 1.86 4 b 320/19800
O 25 ~ -
E 0 25 181 5 ~ 16 x 10-3 rad
N T A
. -100 'S
-200
-300 b
0

5.9 595  6.00 6.05

. : -300 200 -100 0 100 200 300
Longitudinal dim (mm)

pL(mec)

MEASUREMENT: first-ever measurement of tens of GV/m focusing fields
Spectrometer - non-dispersed (x) plane - tens of mrad — opening angle
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measurement # 3

target-time: 0.5 to 3 yrs.

DIFF Cherenkov mechanism

INSULATOR

Cherenkov radiation & guided mode

Wakefield

Electron beam

200 MeV
energy loss
~15 cm tube

Beam direction

TMg wavelength ~ 250 pm

~ 1cm tube length
ONLY a ten MeV energy loss exp.
couples to Cherenkov rad.
(unguided)
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Si wafer
with
fabricated
tubes
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MEASUREMENT: differentiate plasmonic vs. dielectric vs. metallic modes
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target-time: 0.5 to 3 yrs.

University of Colorado
@y unver measurement # 4
Beam bunching and coherent photon production
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diff. bremsstrahlung vs. coherent photons — detect and tune photon spectral features
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@]l University of Colorado underStanding Quantum eleCtrOn gaS

Denver

ionic lattice
periodic potential is PRESENT
over plasmonic timescale (strained under high fields)
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energy band structure

lattice structure — Bloch’s theorem : QUANTUM
electrons - specific occupancy states (k-space)
near-continuum Energy levels — energy BANDs
enerqgy band-gap — characterizes media

metal
semi-metal

Enltergy

Conduction

band semiconductor

Band gap p
N -
] ] _ "Bands" are \bblaerr:ge Ev s
non-interacting Fermions R e
Pauli’s exclusion principle - QUANTUM 2 Interatomic distance

Quantum electron gas: conduction band e- - conductive media — highest terrestrial e~ density
delocalized, free to move around the entire lattice

PLASMON - Quantum e- gas oscillations in response to EM excitation

[/\plasmon = 33 (no[10%4cm3])~1/2 nm] NANO-ELECTROMAGNETICS
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(T universty of Coloraceo Inter- and Intra-band transitions
lertzatieor - Quantum electron gas
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Intraband transition ,
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»
»

Momentum
= while ion-lattice exists: electrons in specific energy states (quantum)
» high-field — result in intra- and inter-band transitions

= put, need empty states to accommodate transitioning VB electrons
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(@ piersy of Oaereco “lasik”-like transition — target damage
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Fig. 10. (a) Reflection of diffuse light off silicon wafers used for the FACET
experiments in 2013.
(b) Reflection of

diffuse light off silicon wafers which have been in the beam line during all of the
FACET commissioning in 2013. These wafers were exposed to a few times 107 pulses

of up to 2 x 10'° electrons, and shows significant degradation, which translates to
reduced light yield in the affected areas.

Nuclear Instruments and Methods in Physics Research A 783 (2015) 35-42

Cherenkov light-based beam profiling for ultrarelativistic
electron beams

- N O D AM A G E . E. Adli *>* S]J. Gessner®, S. Corde®, M.J. Hogan ®, H.H. Bjerke ¢
monocrystalline media -
relativistically induced ballistic transport
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(G Unverstyof cooreco expt area schematic & picnic-basket chamber
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Denver

@B unversy o coorace picnic-basket chamber — top view

target mount
assembly

electron
beam path

probe laser
MIrrors

Aakash A. Sahai, Univ of Colorado Denver, FACET-Il Science meeting, 18 October 2023 15




Denver

@ oo MmoOtorized optical stage & custom holder

Tip/tilt actuators

Knife edge translation
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(@ pvorcomae plasmonic sample holder assembly

initial

plasmonlclie i Left /0p: existing solid target holder assembly,

existing design

Right /op:

modified target assembly with plasmonic
sample holder design compatible with existing
solid sample holder,

screw holes

Left botiom:
custom screw ralil

Right bottom:
zoomed-in drawing of the tray-based
plasmonic target holder

holder surface

single-tray design
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plasmonic sample holder
modified for flat plasmonic tubes
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@ yieevercee plgsmonic tube alignment — prototyping effort
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Cherenkov light-based beam transverse
profile monitor and energy spectrometer,
reproduced from published work.
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Left, raw spectrometer image obtained using Cherenkov radiation with vertical footprint representing the
energy profile and horizontal footprint the transverse profile. Right, estimated RMS beam-size.
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(@Bl unversy of olorac Extreme field frontier - gas vs solid excitations
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Tube electron density, n,

(T universy of Coloraco Theoretical efforts
crunch-in mode

2014-15 proposed new mode in a tube — “crunch-in mode”

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

19 20 21 22

Longitudinal dimension, z axis (pm)

Transverse dim, y axis (pm)

\ Received 17 Now 2015 | Accepted 27 Apr 2016 | Published 2 Jun 2016 OPEN
Demonstration of a positron beam-driven hollow

VOLUME 81, NUMBER 16 PHYSICAL REVIEW LETTERS 19 OCTOBER 1998 channel plasma wakefield accelerator
Spencer Gessner! | Erik Adli2, James M. Allen’, Weiming An34, Christine I. Clarke, Chris E. Clayton3,
" . » s Sebastien Corde’, J.P. Delahaye', Joel Frederico', Selina Z. Green', Carsten Hast', Mark J. Hogan', Chan Joshi®,
ngh Beam Quallty and Efﬁuen(:y in Plasma-Based Accelerators Carl A. Lindstram?, Nate Lipkowitz', Michael Litos', Wei Lu®, Kenneth A, Marsh?, Warren B. Mori®4,
Brendan O'Shea’, Navid Vafaei-Najafabadi®, Dieter Walz', Vitaly Yakimenko' & Gerald Yocky'
T.C. Chiou and T. Katsouleas

; ; A experience strong transverse forces that may disrupt the beam quality. Hollow plasma
The focusing force is zero inside the channel for a very

AR . . channels have been proposed as a technique for generating accelerating fields without
relativistic particle. The spikes at the channel walls are

transverse forces. Here we demonstrate a method for creating an extended hollow plasma

2018-19 put forth extreme plasmonics — using Quantum electron gas 0.1y/no[10%%cm—3] PVm ™’
to prototype the crunch-in mode and make use of its advantageous char. . .
consequence — Fermi gas densities — 1024 cm3 PV/m EM field frontier

2019 invited talk at Fermilab XTALs workshop | celiminar
e prefiminary o[ Intl. Jour. Modern Phys. A, 34, 1943009 (2019)
Mar 2020 invited talk at CERN workshop J publication I DOI: 10.1142/S0217751X19430097
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