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Scaling the accelerator'insize

Lasers produce copious power (~J, >TW)
Scale in A by 4 orders of magnitude
A < 1 um gives challenges in beam dynamics |
Reinvent resonant structure using drelectric (E163, UCLEA)
GV/m fields possible, breakdown limited...

GV/m allows major reduction in size, cost

To jump to GV/m, mm-THz may be better:
Beam dynamics, breakdown scaling
Must have new source... |




~ Promising paradlgm for high field
accelerators: wakeﬂleL
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Wake-field modules Gamma converter and Detector

Beam distribution network
(rf kickers)

Heavily Beam-loaded Electron Linac

Compressor

Rf photoinjector

 Similar to original CLIC scheme

«Study for plasma wakefield accelerator
* vy due to charge asymmetry in PWFA

* Not a problem for DWA...
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The dielectric wakefield accelerator

Coherent
Cerenkov
scaling

: High accelerating gradients: GV/m level |
Dielectric based, low loss, short pulse

Higher gradient than optical?

Unlike plasma, charged particles in beam path...

Use wakefield collider schemes

CLIC style modular system

Afterburner (energy. multiplier) possibleifor existing accelerators
Spin-offs

High power THz radiation source!(e.g. E. Chiadroni)
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Dielectric Wakefield Accelerator =
Overview =

® Electron bunch (B = 1) drives wake in

cylindrical dielectric structure
®"Dependent on structure properties
® Generally multi-mode excitation

® Wakefields accelerate trailing bunch

® Mode wavelengths (quasi-optical |

® Peak decelerating field

Extremely good
beam needed

®Transformer ratio (unshaped beam)
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Ez on-axis, OOPIC !
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. T-481: Test-beam exploration™

of breakdown threshold™ ===

15t ultra-short, high charge beams

Beyond pioneering work at ANL...
Much shorter pulses, small radial size
Higher gradients...

Leverage off E167 PWFA

" +/ Goal: breakdown studies

o Al-clad fused SiO, fibers
¢ f + 1D 100/200 pm, OD 325 pm, L=1 cm

Avalanche v. tunneling ionization

* 3nC, 0,220 um, 28.5 GeV

+ 48 hr FETB run
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Fiber viewed end on with a microscope.
CAD rendering of the capillary tube mounting Unpolished at left and polished at right.
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Methods and Results:

week ending
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Breakdown Limits on Gigavolt-per-Meter Electron-Beam-Driven Wakefields
in Dielectric Structures
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First measurements of the breakdown threshold in a dielectric subjected to GV /m wakefields produced
by short (30-330 fs), 28.5 GeV electron bunches have been made. Fused silica tubes of 100 xm inner
diameter were exposed to a range of bunch lengths, allowing surface dielectric fields up to 27 GV/m to be
generated. The onset of breakdown, detected through light emission from the tube ends, is observed to
occur when the peak electric field at the dielectric surface reaches 13.8 = 0.7 GV /m. The correlation of

structure damage to beam-induced breakdown is established using an array of postexposure inspection
techniques.
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¢+ Research GV/m acceleration scheme in DWA § TR

¢ Explore breakdown issues in detail ) ‘
¢+ Determine usable field envelope A .
¢ Coharant Caranlkavradiation maaciiramante GV

¢+ Explore alternate materials

¢ Explore alternate designs and cladding
Slab structure (permits higher Q, low wakes)
Radial and longitudinal periodicity.-..

¢ Varying tube dimensions
' 4 Impedance change
' Breakdown dependence on wake pulse length

¢ Awalts FACET constructiony
Reapproval needed
Add AWA group to collaboratlon

I
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Slab d%lectrlc structure (like optical)



Observation of TH
Cerenkov Wakeﬂelds- )
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5 %e-compressed (200 um)
0.3 nCi beam )

RS \'\\
o Focuslegl‘wmh PMQ array t\80~100 R
R R N NN
moglae operatlon LA \.‘- e
_ Two tubes, dlfferent @WE R -
frequencies
@ﬁ@ﬁﬁm@mwmmﬂmﬁa
_ + Higher power, lower width than THz FEL
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Observation of THz Coherent
Cerenkov Wakefields @ Neptunes

s,
22 Chicane-compressed (200 pm)
0.3 nC beam
Focused with PMQ array to ¢,.~100
um (g=250 um)
Single mode operation

Two tubes, different 6, THz
frequencies

Extremely narrow line width in THz
Higher power, lower width than THz FEL
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E-169 at FACET: Ac

Observe acceleration
v/ 10-33 cm tube length
v longer bunch, acceleration of tail
v' “moderate” gradient, 1-3 GV/m

v single mode operation

Phase 3: Accelerated beam quality
v Witness beam

v Alignment, transverse wakes, BBU
v  Group velocity & EM exposure

v_ Positrons. Breakdown is different?

e L -_-

celeration

50-150 pm
GZ
< 10 um
0/'
25 GeV
Eb
Q 3-5nC

FACET beam parameters for
E169: acceleration case

0.0001 0.0002 0.0003

Momentum distribution after 33 cm (OOPIC)

A



rms=0.744 =%

Longitudinal E-field

5 ; NSy
Two Bunches
16 Total Charge = 1.6nC = |EIOQ
Separation ~ | |5um

(

Witriess:hearn: acceleration and BBU



A High Transformer Scenario:
using Dielectric Wakes

How to reach high energy
with DWASs?

Enhanced transformer
ratio with ramped beam

Does this work with mu/ti-
mode DWA?

Scenario: 500-1000 MeV
ramped driver; 5-10 GeV
FEL injector in <10'm




A FACET test for light

Beam parameters: Q=3 nC,
ramp £=2.5 mm,U=1 GeV
Structure: ¢=100 um,
b=100 um, &=3.8

"% Fundamental /=0.74 THz
"¢ Performance: £>GV/m, R=
10 (10 GeV. beam)

¢+ Ramp achieved at UCLA.
Possible at ATF, FACET?
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A FACET test for light
‘ source scenario
|

¢ Beam parameters: @=3 nC,
& ramp £=2.5 mm,U=1 GeV
8 Structure: =100 um,
=100 um, £=3.8
Fundamental /=0.74 THz

Performance: £>GV/m, R=
10 (10 GeV. beam)

Ramp achieved at UCLA.
Possible at ATF, FACET?

Energy (MeV)
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A FACET test for light

‘?' Beam parameters: Q=3 nC,
? ramp £=2.5 mm, =1 GeV
Structure: ¢=100 um,
6b=100 um, &=3.8
Fundamental /=0.74 THz

Performance: £>GV/m, R=9
10 (10 GeV. beam)

Ramp achieved at UCLA. .
. R. J. England, J. B. Rosenzweig, and G. Travish,
Possible at ATF, FACET? 1\ PRL 100, 214802 (%008) |
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Accelerating beafln . | Dfiving Beanit 0

' Low charge 93\@5
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Multipulse operation:“control
of group vel@c-zlt

.

¢ u/t/p/e pulse beam-loade

eratloq in Ilnear\colllder
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Accelerating bearln . Drlvmg Reh 0

**Low charge gﬂc@g
(low &), shorter beams

_ Can even [F@@E@@ kﬁ@@; Q driver
¢ Use periodic DWA structure in
~ 7-mode, resonant excitation




e

Initial muIti-puIseuexperiméﬁf’“c{:-
uniform SiO, DWA at BNL ATE===

technigue

% Exploit Muggli pulse train slicinc
Muggli, PRL 101, 054801 (2008).
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Correlated X

energy chirp N

from linac X

[ Quadrupole

7

\ Mas:‘

Nguyen, NIMA 96
P. Emma, PRL 04
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First results from BNE——

multi-pulse experiments

Array of 1 cm tubes
Si02, diamond!
325-660 um A

Operation of pulse train

with both chirp signs
Sextupole correction used
CTR autocorrelation

Single bunch wakes
observed

Next: resonant wake
excitation, CCR

X0 =207 ym
ox =21.6 ym
FWHM =51 ym

CTR autocorrelation and FFT

\
\\



First results from BNE===
multi-pulse experiments

Array of 1 cm tubes i
Si02, diamond!
325-660 um A

Operation of pulse train

with both chirp signs
Sextupole correction used
CTR autocorrelation

Single bunch wakes
observed

Next: resonant wake

excitation, CCR R N S R
CTR autocorrelation and FFT

Single drive spectrum shows
acceleration and deceleration |

step [m]




z-r phase space for beam_electrons
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To a GV/m multlple pulse DWAM
experiment at SPARC/X (ENF)~

»*Uses laser comb technique

" Bunch periodicity:
‘ 190 um (0.63 ps)
0.5 of BNL case

* Scaled structure g |
» 125 pC/pulse @ 750 MeV .
4 pulses + witness : |

1 GV/m, energy doubling B\ v/ wakes in
|n <7O cm | §?aled DWA@SPARX
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Conclusions

Very promising technical approach in DVWA™=
Physics surprisingly forgiving thus far 5
Looks like an accelerator!

Many. open questions still to resolve for GV/m

Pushing towards applications

Linear collider: multi-pulse

FEL: booster for reaching hard X-rays in few m
Expect rapid experimental progress

15t ATF; then FACET, SPARG/X...




