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INTRODUCTION TO SWFA

e Jwo Beam Acceleration — TBA
e Collinear Wakefield Acceleration - CWA
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ELECTRON BEAM DRIVEN WAKEFIELD ACCELERATION
Two Types of Structure Wakefield Acceleration (SWFA)

@Ilinear Wakefield Accelerati(h / Two Beam Acceleration \
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STEPS, MILESTONES,
PATHWAYS AND SPINOFFS

10GeV stepping

stone facility Compact light
1GeV high SOource

quality beam Advanced beam
50% of RF- manipulation
beam efficiency techniques

GV/m level ' Cost effective, ultra-
of gradient compact structures

GW level ' High power MW --
RF power THz sources Argonre &




SWFA APPLICATIONS

« High repetition rate multi-user X-ray FEL (Stepping Stone
facility)

e Mutli-TeV linear collider
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AFLC: SHORT-PULSE SWFA 3 TEV COLLIDER CONCEPT

d Based on dielectric TBA technology o i
e LOW CONSTRUCTION COST: Dielectric structures details
 HIGH EFFECTIVE GRADIENT: Short RF pulses (20ns)
« LOW OPERATING COST: Wall plug efficiency ~15%
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HIGH REPETITION RATE MULTI-USER X-RAY FEL FACILITY
Beam Shaping + Collinear Wakefield Accelerator + SC undualtors

Low Emittance MHz CW Low Energy SC Undulators Experimgntal
MHz injector SRF linac  Spreader S End Stations
> GeV ANL/APS Transformer Ratio
, o [ |- P TR =5 (new record)
1GeV |=——T¢ ==l - PRAB 20, 061302 (2017)
5m T =1 E==1¢ = PRL 120, 114801 (2018)
L B S ey — 3 —— — _
o L. g _J [Bunch Shaping }
ol == 7
ety [Em— 1 —7 PRAB 19, 121301 (2016)
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t strong wake regime
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Main work being done PRAB 21, 031301 (2018)
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NEAR TERM GOAL IS CONSTRUCTION OF CWA MODULE

» Argonne &

Components in the Accelerator Module straight cut
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Test samples are wire
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dimensional analysis
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STRUCTURE WAKEFIELD TEST FACILITIES
e Argonne Wakefield Accelerator (AWA), FACET, ATFE
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AWA FACILITY Highly reconfigurable beamlines

» Zones 2-5 are experimental areas
* Zones 2, 4, and 5 have ~ 1 m experimental area
* Zones 3A & 3B are fully re-configurable

AWA Bunker
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AWA FACILITY

Advanced Accelerator Concepts
Accelerator and Beam Physics
Particle Sources

Experimental Areas

GUN TEST STAND

Upgrade to 1.5 cell RF
gun with load-lock

Single-shot longitudinal

INJECTING MANIPULATED
LASER

\ a-BBO pulse stacker

phase space diagnostics

SWFA/PWFA test areas multi-splitter (train)

MLA (homogenizer)
SLM (laser long shaping)
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15 MeV witness linac

_ _ 6d emittance repartitioning
Staging Beamline ———

Double Emittance Exchange Beamline Skew Quad Beamline
(longitudinal bunch shaping) + (Round to Flat beam)
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AWA CAPABILITIES - BEAMS Wide dynamic range
SINGLE BUNCH PARAMETERS

*Have generated sub-pC beam but

Charge [nC] difficult to detect.

Energy [MeV] 6 — 63

Rep. rate [HZ] 05—-10 *2 Hz is nominal

Transverse laser diameter [mm] 0.5 -@ *Uniform distribution (MLA)
Longitudinal laser pulse length [ps 03 :Saussian.dis.tribgtion |

FWHM] Flattop distribution (using a-BBO)
Bunch length [mm] Ol _ 3 ;I\-I/iaggtc)lr;arge compression is not

Transverse emittance [um] 0.5
pancake
Peak Current [kKAmps] 0.5 - ————
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AWA CAPABILITIES - BEAMS

Operation

modes

Value

Variable Machine
Configurations

Methods

Bunch train

Longitudinal
shaping

Flat beam

Transverse
shaping

LEFENERGY foagd by Uhicago Argonne, LLE,

Modulation frequency
[GHZ]

Charger per bunch [nC]

Shape
Charge [nC]
Charge [nC]

Emittance ratio

Available type

1.3-103

<60

Arbitrary
<5 — <20
<5
<150

1.Homogenization
2.Dot-array
3.Hollow

15

abkownkE

N =

Laser multi-splitter
Alpha-BBO

EEX+mask
EEX+transverse wiggler
TDC+mask (R&D)

EEX

. TDC (R&D)
. Laser based (R&D)

. Angular momentum dominated beam

+ skew quads

. MLA optics
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FACET-II layout and beams

Electron Beam Parameter Baseline | Operational |
Design | Ranges

Final Energy [GeV] 10 4.0-13.5

Charge per pulse [nC] 2 0.7-5

Repeftition Rate [Hz] 30 1-30

Norm. Emittance yexyat 519 [um] 4.4, 3.2 3-6

Spot Size at IP axy [um] 18, 12 5-20

Min. Bunch Length g, (rms) [um] 1.8 0.7-20

Max. Peak current I [KA] 72 10-200 ]

1

FACET-I

|deal for ~10 GV/m breakdown test
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NOVEL STRUCTURE DEVELOPMENT
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ADVANCED ACCELERATOR CONCEPTS Geometry
Structure Development planar & cylindrical

Dielectric loaded structures Iris loaded structures 2-channel rectangular dielectric Dielectric disk accelerator

metal

dielectric

test bunch

Coaxial dielectric Photonic band gap structures Meta/left-handed structures  Cryogenic Dielectric
Corrugated accelerator

metal

Plate thickness:
1 mm each

dielectric annular
drive
test bunch bunch
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SUMMARY
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LOI-90: Structure Wakefield Acceleration (SWFA)
Development for an Energy Frontier Machine

Core Message of LOI:
1) the SWFA roadmap presented in 2016 Advanced

Accelerator Development Strategy Report needs to be
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