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What Makes a Concept Exotic?

e Unusual materials:
Cliché:

1. Di€lectrics and metals are the only choices for
structure-based accelerators

2. Plasmamust have density between 106 — 101° cm3

e Unusual drivers;
Cliché:

1. Beatwave must be an intensity-modulated laser beam
tuned to plasma wave resonance

e Unusual combinations:
Cliché:
1. Lasers+ plasmas, microwaves + dielectrics & metals
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List of Exotic Concepts

e Far-Fidd Vacuum and Almost-Vacuum Acceler ation:
1. Inverse Cherenkov Accelerator
e EXxotic Structures

1. Inverse Smith-Purcell and Open-Sided Dielectric
Accelerators

2. Photonic Bandgap (PBG) Accelerators
 Exotic Plasma Concepts

1. Innovationsin beatwave: detuned, auto-resonant, bi-
stable, micro-bunched beam driven

2.  UIT - millimeter-wave plasma accel erator
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Before building an advanced accelerator,
choose your materials carefully!

TEXEAS

L awson-Woodward-Palmer theorem
Vacuum ———) reguires boundaries, high intensities,
gases, or magnetic fields

dielectrics, semiconductors) with miniaturization
Plasma. » Challenging to excite plasma waves,
Inject electrons into a short wavelength
bucket
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L imitations of vacuum acceler ation

eLinear in electric field acceleration in vacuum isimpossible
(L awson-Woodwar d-Palmer’ s theorem)

photon (k=2p,w=0) Cannot stop a
2 2 photon in vacuum!
> > > <
Slow electron Fast electron I—j _ r)

*Non-linear (ponderomotive) acceleration, a.k.a. Inverse
Compton Scattering is possible = injector applications

photon photon dE _ 30 GeV ( P j

\_g dz  y cm \3x10°W/cm®
L . +

Uselessfor collider but could be
used for injector applications

Slow electron Fast electron
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Linear Acceleration: Stopping a Photon

«Can “stop” a photon in a medium = Inverse Cherenkov Accelerator

— — w
Dreg = yframe(a)_ k- Vframe): 0 I ‘k‘ - ngas E
e Y C
460 cos@)=
7/
‘;} Vbl’lgas
== e-BEAM V, >C / ngas

INTERACTION
REGION

Any acceleration technique is the inverse of aradiation process -
radially polarized beam matches the Cherenkov emission cone

«Can accelerate near boundaries. Examples of I nverse Smith-
Purcell, Surface Wave, and Photonic Bandgap Accelerators
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| nver se Smith-Purcell Accelerator 'g'}'%

= -
TEXR

incident wave evanescent wave r eflected wave

%} . \ d=2mn/k, jg
2 “—>

X
Z
: : Evanescent wave has a
«Convenient to excite (open structure) sub-relativistic phase
Metal or high-¢ dielectric gratings velocity = suitable
for acceleration
*Non-resonant structure (E,.. ~ E;.0) o
V. = =
«Strong variation of E, with x = small g, “  wlccos(d)+Kk,

Experimental accomplishments: 10 um radiation from 45
MeV beam at BNL (Fernow ’'97)
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Exotic Materialsfor |SPA

0 a—p Vv \Tg radiated wave '
| C enhanced by

using materials
with e <0inthe
desired frequency
S-P Radiation produced totally by the image charge - enhance range

the IC to enhance radiation - enhance E-field at the charge

*For RF/microwaves: thin- For 10.6 um radiation use
wirearray mimics plasma: natur ally-occuring SiC:
2 2
& =¢&(0) a);_a)z
‘ﬂ?’ e=1-mw? Or-@
?F?} , 16c2 Micro-machined SIC
3 w? ~ ablated by the 266-
—ll "~ a7 log(d? /8rd) am VUV laser , 60

pulses F=1.1 J/cm?
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Limitations of open planar structures g

WERE

In-plane TM wave, k, =0 = R
X 1AX
, m

*In-plane TM waves with k, ~ w/c do not deflect the beam: E,=H,

In-plane TM waves with k, = w/v are de-localized: Ax = Ayp/2n

*They are almost transverse - can't accelerate relativistic particles
k2 +kZ-w? /2
e

For any point above grating: E, ocd, H, and H, oc
*Finite E, > evanescence - oblique incidence k, #0
Finite > finite H, - deflection force parallel to the grooves

«Synchrotron losses for high-y beams - suitable as an injector only
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From open to open-sided structures

V4 dielectric
2 atéx 12b beam-driven

| F_ L |

copper e W

Hill et.al., 2001

Laser prapagatian direction

side-coupled
Metallic mirror

. Symmetry plame

Rosenzweig et.al., 1995
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Speed-of-light mode in
PC waveguide
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Planar surface-wave acceler ator

*No metal: confinement
by e <0 material (SIC)

3 um
1 eSupports o = kc mode -
can acceleraterelativistic
particles

_ _ *Near field (small gap) 2>
SIC/vacuum SPP’s are excitable attractiveratio E,JE,

by a CO, laser

*Acceleration by surface
phonon polaritons (SPP)

Coupling problems: (a) how do you couple 10.6 um

radiation into a 3 um hole?? (b) SPP’sgroup velocity is

very small - how will they get to the other end??
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6 Side-coupled surface wave accelerator i

|ncident CO,, laser FEEA

-

\16 m
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Novelties in Plasma Beatwave Acceler ation
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Non-resonant Excitation of RPW with Constant Phase Ve ocity
(C.V. Filip et al, Phys Rev E 69, 026404 (2004))

Phase-locking of externally injected electrons into the accelerating
field of the plasma wave requires constant phase velocity.

E _ 0,33
MCA a)i—Aa)

~sinAal(t-z/c)~aa,sinAa(t - z/c)

— @ — @ —>Voerons ON-RESONANCE phase velocity &
v amplitude of the RPW are sensitiveto
density - energy spread of the e-beam.

OFF-RESONANCE pump pulse excites
a “forced” oscillation () ,4ma?*A®peatwave)
-> phase & amplitude “locked” by laser

Relativistic Plasma Beatwave



Robust Autoresonant Excitation in PBWA lgg

WERE
TERAS

Rosenbluth-Liu Relativistic Detuning Limit: ¢ 16 u3
. RL _ [ 1984,
as plasma wave grows, its natural frequency E | 3
drops, and the beatwave is out of resonance e

Relativistic equation for electrostatic potential 0% 1 { 1+a’
(1+¢)

dp=ed/mc2 of an ultra-fast plasmawave oL 2
Laser beatwave: @’ =a’+esiny(¢), where y(¢)=[d¢w(¢)
chirped detuning

w(¢) = o)(1- a g,

where C = w(t-z/c)
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Beatwave Gener ation of Plasma
Waves Using Relativistic Bi-Stability

0.7 . . . . 0.9
0.6 Branch 3 -— _— 0.8}
5 0.7+ a=0.023, w=0.95
3osFTTI Steady-state
2 T 0.6f
s Se- ! response
£ 0.4f = b RPRSIES I —
S0 A0=0950, Tl A®=0.950,
03 N\ 0.4 R A
; - T
é{;’ 0.2t \,.«""‘ Respon% to - 0.3 ¢ . lll '_a.:_q'clz_?”_cfff'g ______
s — Branch | Gaussian pulse  °F L
' — 0.1} a=0.018, w=0.95
% 0.005 0.01 0.015 0.02 0.025 s b _— 1000
Beatwave amplitude a W t
Beatwave strength a = (¢/m)?E,E./20,0, / g

L aser pulse shape, o, 7, =130
Critical strength Ayt =

4,\/5(1_ a)z J3/2

2
9 o,

L ong detuned beatwave pulse with a> a;, of duration T>>V|w — | leaves
behind a strong plasma wake = only because of relativistic effects!
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M icrobunched beam driven beatwave s

WE'RE
TEEAS

|nstead of modulating laser intensity, useinverse FEL to
micro-bunch an electron beam at the plasma wavelength

MICROBLNCHED REAM ELECTRON BLINCH

Pemanent
mngg Focusing Linac Photo-
wigg guadiupcles njecto
Co, lassn
radiation

Modulated e-beam driven accelerator/injector
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M icrowaves and Plasmas: Unusual M atch
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Axial +undulator B-fieldscreatea “slow wave” band for o = @, =,
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Length of plasma, cm/2r Vy=C/(1-A1 /Ay) =2 control of
phase velocity = possibility of
lon acceler ation
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PIC ssimulation of UIT: weak undulator

Accelerating 10’ Parameters.
fiddE, ., 02 o Koo & 1
! Q, @ mcw 50
I _, GroupVelocity _ 1
Transverse ;I::: . 20 40 80 80 100 nght Speed o 50
field Ey 1 Note 10-fold compression of
il electric field E,/Ey
]

0 20 40 60 a0 100
Linear prediction confirmed by PIC: weaker undulator

resultsin higher energy compression ratio and higher
accelerating field.

|slinear theory accurate?
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Decreasing undulator field - increasing
accelerating gradient?

Be=1T
5.0e7 . . .
Bw=0.7 T —e— g
Bw=06 T —=— >
Bwfﬁé%r; o K % Nonlinear saturation for
£ ;é . small B, = evidence of
S 2587 AR relativistic mass increase?
LI'J\I i0 }*"éﬁ; . l A 1
1.
i _
-
0 -~ I 1 |
0 0.02 0.04 0.06 0.08
alBC/ BVV

Ref.. Hur, Wurtele, and Shvets, Phys.Plasmas 2003
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Direct laser acceleration in capillary channel

| _ | Radially polarized laser beam

G%géausir’ . —_— ; acceler ates e ectrons
B G600 pm
redizlly- ﬁ 1§
polarized) i R =asseserir '1 L
%l ™

meta

o|dea: usethefree eectrons contained in metal wallsto excite a
surface wave (Steinhauer et.al.) Metal wall enables confinement.

*Problems:

-Oversized channel (w>>\) required for luminous
propagation = small ratio E/E /f

-Large E, may lead to heating of metallic wall
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