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Intemationél\Linear Collider

Overall length: 30 km
Accelerating Gradient: 30 MV/m
Luminosity: 2x1034 cm?s™

Can new technologies improve upon
gradient and reduce size/cost of
accelerators?




"DLA" = Dielectric Laser
Acceleration

S-Band RF smaller RF structures:
* higher gradient
* machining tolerances
* transverse wakefields
* breakdown (E, < 100 MV/m)

X-Band RF
laser-driven photonic crystal strutures
2D 3D » lasers offer high rep rates, strong

I field gradients ( >1 GV/m),

deseiaisiatoted commercial support

Optical to IR * dielectrics: high breakdown
PPRBENN (202i0iiiiiins threshold (1-5 GV/m)
dielectric PBG Optical  silicon “woodpile” e fabrication amenable to mass

ratings Fibers structure .
Jreng production
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Collider Strawman Parameters

Source

Wavelength

Bunch Length

Bunch Charge

Required Emittance

Rep Rate

Confinement of Mode
Material

Max Unloaded Gradient
Power Coupling Method
Luminosity (cm~-2/s) *
Beamstrahlung E-loss (%) *
Wall Plug Power (MW) *

Traditional RF

Klystron (Microwaves)
2-10 cm

1-5 ps

1-4 nC

0.1-1 ym

1-1000 Hz

Metal Boundaries
Metal

30-100 MV/m
Critically-coupled Metal WG
1.70E+35

53

540

DLA

Commercial pJ Class IR Laser
1-10 pm

1-100 attosec

1-10 fC

1-10 nm

1-10 MHz

Photonic Crystal (1D, 2D, 3D)
Dielectric

0.5-2 GV/m

Free-space /Silicon WG
1.05E+36

4.4

390

* For 10TeV c-o-m collider scenario, based on numbers from Report of ICFA-ICUIL 2010 Joint Task

Force on Ultra-High Intensity Lasers, Ch. 1. RF numbers extrapolated from ILC parameters scaled to

higher luminosity.
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Microbunching

Net laser acceleration of 1.2 keV
N % s a52) demonstrated for 400 attosec

1 o iy
= 1 Hﬁ‘u\}}- microbunches using inverse transition
£ o5 ; | I radiation (ITR) at a metal foil.
é of } }{} C.M.S. Sears, et al. “Production and
S o5l }1 I } | characterization of attosecond electron bunch
g ' i ﬁ/[* trains,” PRST-AB 11, 061301 (2008)].
-1+t }T\[I% E
15 , , , C.M.S. Sears, et al. “Phase stable net
2 4 6 acceleration of electrons from a two-stage optical
Corrected Phase accelerator.” PRST-AB 11, 101301 (2008).
halfwave piezo optical IFEL laser path =
plate delay mirror ITR laser path
coarse deja}r;_ ik __\r _____________ ‘_\_\ Steering mirrﬂr
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Structure Fabrication Studies

3D 2D 1D

image courtesy B. Cowan _— img courtesy T. Plettner

cylindrical —— cylindrical
lens

channel Tens

C%A
O
()
OO

@
ogo
ode
o2

® 80
°

Oo
®
®

//

0
%e
%e
\_/JO

C. McGuinness, MOP133 J. Spencer, MOP136

RRRRORAL
isgsiatssetatacs
eesesssetessass
:::o'o'o.o’ :o.o
'L 64pn1o.:

o'o'o'o'o’o!

|
|
|
|

"woodpile" silicon photonic photonic crystal borosilicate dual silica grating
crystal (C. McGuinness) fibers (J. Spencer/Incom Inc) accelerator (E. Peralta)

NATIONAL ACCELERATOR LABORATORY




Benchtop Testing of Structures

o
Phase Stability of PBG Structures Damage Threshold of Dielectric Materials

Mach-Zehnder interferometer for thermal studies of the 2 J/Cm2 =~ Epk=5 GV/m
Material 7 Thickness Bandgap Fy, [_If(:m2 |

l Aly O3 10004m 9.9eV 4.9040.29
i s SiOs (Quartz) 1000pm 8.9eV 4.10+0.50

1 7102/Y204 15nm 57eV 3.9740.16
it HfO, <200nm 58V 3.63+0.36
SigNy 100nm 5.1eV 0.65+.05

Si 1000m 1.leV 0.144.02

r
HfO,

1 do N

=9ppm /[BC
[633 nm HC fiber]

S=—7-==%
) dT neff‘L.AT//’L

— 3bphase / PC for L=10004

R. Laouar, TUP276
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] Y m\ K. Soong, MOP095
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Laser Coupling to Structures

Transverse Coupling to Woodpile Structure

~90% power coupling
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[courtesy B. Cowan, Z. Wu]'

Coupling from transverse waveguide to accelerating mode of the woodpile
structure.

~90% coupling from free space to silicon waveguide structures simulated
recently; fabrication R&D of test couplers underway [Z. Wu, D. Xu]
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Laser Coupling to Structures

Free-Space Coupling to Optimized PBG Fiber

22 /\ (b)
PFWD o) 18.3 / \
S0 & 3 A
Pi 18 | !
17.5} 18
o4, e
16.5 S
0 10 20 30 40
z(um)

Above: free-space TEMO1*-like mode end-coupled
to the cleaved face of the fiber. Coupling to the
desired fiber mode ~ 17%

Left: Far-field radiation pattern from fiber
[C. Ng, et al. PR-STAB 13, 121301 (2010).]
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Commercial Fibers

NATIONAL ACCELERATOR LABORATORY

| 2R a (pitch) | lattice cladding
(nm)(tele | (defect) (um) dia. (um) | dia. (um)
com) (um)

2000 14.5 4.4 90 155
1060 9.7 2.75 50 123

633 5.8 1.7 37 102

800 9.2 2.3 40 135

* NOT designed for accelerator use:

- highly overmoded, poor characteristic impedances

» fibers manufactured by NKT Photonics
* 1060 fiber has geometry closest to optimized fiber
(R/a=1.76 vs.1.48 for Lin fiber)
 Useful as stand-in devices for testing and potential

normal-gradient acceleration (~ 30 MV/m in 1060 fiber) £ =%




SOL Modes in PBG Structures

fy
"lattice" modes

band gap

' TM mode pulled
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SOL Modes in PBG Structures

fy
"lattice" modes

band gap

L TM mode pulled
into the bandgap

p

P band gap

k

telecom mode(s)

4 A A A A

90000
DO OO O (¢
90000
DO OO O ¢
90000

¥ W ¥ ¥ Y
pure lattice

NATIONAL ACCELERATOR LABORATORY

4. A A A A

00000
JOOO0
oo o
JO0O0O0
o000 0

h 6 A 6 A s

optimized accelerator
structure

stand-in telecom
fiber




NLCTA-E163 Test Facility

E163: A facility for testing laser-driven accelerator structures.
Beam energy = 60MeV; ft = 1ps to 400 attosec; fE =0.1%

E-163 EXPERIMENTAL HALL

; EXPERIMENTAL
SECTION

SPECTROMETER /

MAGNET

ENERGY COLLIMATOR

NLCTA MAIN TUNNEL

s -

GUN LINAC CHICANE
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Experimental Plan

PHASE 1: FIBER WAKEFIELD MEASUREMENT

PMQs 1 mm
e- bcam
I I I h h

SPECTROGRAPH

=
PBG Telecom fiber ~focm |/ ﬂ
| PMT

PHASE 2: LASER-DRIVEN ACCELERATION

SPECTROMETER
IFEL CHICANE  PMQs
e-beam
Se——
; 1 microbunched beam
- 800 nm —— 800 nm
/" s
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E163 Final Focus System

» High-gradient (420 T/m) NdFeb
quadrupoles

* YAG profile monitor: res limit ~ 20 ym

» Tantalum knife edge: 1um surface finish
 Knife Edge thickness = 0.5mm = X__,/6

* Intercepted electrons filtered by
downstream spectrometer

* Integrated spectrometer signal measured
as a function of knife edge position (~40 nm
res).

X: Extracted [, =8.9 ym ¥ Y. Extracted (‘Y=89uum e-beam profile image
’ ' ' at PMQ focus

i

2

I T ?l i TE y
T TTy
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it T S 1 pixel ~2 ym
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Fiber Experiment Layout

Required Beam Parameters

Beam Charge 50 pC
Normalized <5 mm mrad
Emittance

Energy 60 MeV
Bunch length 1 ps

Energy Spread 0.1 %

INSERTABLE PMQ TRIPLET

MATCHING QUADS

-

EXPERIMENTAL BOX

SPECTROMETER MAGNET

‘_: — )
. | = \ *2
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Fiber Signal Detection

®
6550~ « PMT: Hamamatsu R5108; peak | =
i 800nm
6820 A No Spectrograph (yet): direct fiber to
e PMT

600 -

Slum

» Obtained signal and measured position
of all 4 commercial fibers under study.
» Used filters and shutters to verify that
2775 EE:IIIII EBIEIII EBLHII EBIEIII EBIF"S the Signal was rea”y Optical.
() » Filter indicates that ~ 75% of PMT
PMT Response vs. Fiber Position: HC-800 fiber  signal for the HC-800 fiber is at | >600nm

e

6760 -
6750 - .

diagnostic block: beam direction into page
4 commercial fibers installed

éEr}}}?}} E

HC-2000 HC-1060 ket ad
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Spectrograph Measurement of 800nm
PRG C a1 Fil

®
=00 T T T T T T T T . . . .
o Signa Saw convincing signal on HC-800 fiber
= 450+ M o +  Background [] . .
£ o ) o %ﬁ&w _ Spectrograph BandW|d.th. 60nm
2 e L o " P Bt Center wavelength varied randomly (78 values)
E B0PRETHN b i e - 2y g
- ol Shutter Opened/Closed @ 1Hz
Mo 7 7@ 7eo r\évnameii?h [n?nﬁ]n B0 G0 G0 om0 Beam Rep Rate: 10 Hz
i HC-800 Fiber: Background Subtracted Signal Total # Samples 46,800
S N WO T W — Sinel i  Background | Rolling Averaged with 60nm window
SETTIN W oy o Background signal: most likely x-rays
g a0
D ey s L o S | ...... ¥ I"'l"\.-_l"
700 720 740 ?ED ?BD BDD BED §40 ©BB0 B850 900
Wavelength [nm)

22 7~
% : PMT (Hamamatsu R5108) peaks in this region
oo However, response is sufficiently flat within the
~ 16 . . data region that it does not significantly change
4 . the data.
00 700 800 900
A{nm)
e . ==
Gl-l'\\o
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Wakefield Simulations

®
Field monitor Optimized PBG HC-800 Fiber
4 Accelerator Used in Experiment
Wavelength (zm) Wavelength (zm)
37 241 13 1 038 14 0.7 05 0.3
250 ‘ ' 2:5
2 200 ?llée ng [ 2 blue box
£ 150 - hancgap | = bandgap
é 100 1
% Ej S iR
0 0
0 0.0% 0.15 (1%.23}1 )0.30 0.38 0 0.212: 0.44(10 HO.)66 0.88
requency (105 Hz requency (105 Hz
[Courtesy Cho Ng] 4 TM mode pulled 4
W o the bandgap | telecom mode(s)
ACE3P simulation of HC-800-1 fiber with ‘\ \
axial current excitation. Time domain. S
— " %«_%
current pulse RMS duration = 0.2 [ /c '*\ = b
[scaled to actual design wavelength] — \ K
\\/,0 bar';'d gap 4,,0 bantd gap
-k -
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many modes
excited




SOL Modes in the HC-800 Fiber
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Beam Coupling in HC-800 Fiber for 18
Representative SOL TM Modes .

HC-800 Coupling (a.u.)

...................................... Ap(w)oc f.](r, w)-E,d’r - gv rp) 0k, —w/v)
025} v
. 021 T 0.1
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A(nm)
calculated mode E-field = ELEGANT particle phase

< > (BandSolve: D. Xu) space model of beam
edges will get attenuated due to decreaseed confinement

HC-800 Fiber: Background Subtracted Signal
T

00— . ey , * 18 representative modes selected
1 SIS IS SN S S Ll « Coupling to beam calculated from dot product of E
ém_. N7 T .. TR N N ....... ] field and simulated particle phase space at the IP
JEIB L o S5 il B« R S . - PMT signal will be modified by the attenuation
- - A (dU/dz) of each mode, which is higher near edge of

S T L S S e
700 720 740 760 780 800 820 B840
Wavelength [nm]

B}‘SEI EéD 7 BEIEI bandgap
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What's Next?

o
Predicted TM Accelerating Mode(s)
Cooled Hamamatsu R5509-73 in HC-1060 Fiber
E.
K=(0, 16, 0), m=555, koa=2y1;afk=15.9947, n=1.0003 374272
imag ratio=0.0315131 N
5_
» Extended spectral range of 4
PMT should allow better ] afmteietai S
detection of 1060 modes . A, == 1
* Improved shielding to reduce 1] ,’\ ) ,"@"_
X-ray bkg / improve SNR 2] > g o
100 fmLEED 2t 80 + Simulation of the 1060 fiber ve
i -57‘|‘|' L | L L B B =
B T T —— shows a strong TM mode which RN SR REEF RE LN SRS SRR
: @ e could potentially be used for
§§ 75 7 "” ,‘ acceleration.
ce T AT * Estimated max G, ~ 30 MV/m HC-1060 Coupling\(a.u.)
5o B g U,
& il i B _
§§ o |oumTumerFoeney |/ 3] 1] <1 12 representative .
< > ) =
e Feam s\ /S | HC-1060
Q r T sl 4 =
. i & 41 v=c TM modes
(o] L Y
2 .
10 ) . - o
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Summary

o
* First demonstration of SOL TM modes excited by an e-beam in the bandgap of
a photonic crystal structure (800nm PBG fiber)
« 1060nm fiber expected strong SOL TM modes - possible accelerator structure
« Signal seen in 2000 and 1060 nm fibers but bandgap was not spectrally resolved.
» Relevant issues/challenges:
PMT sensitivity drops off above 900nm
Significant X-ray background
Resolution poor (60 nm bandwidth to get higher signal)
* Plans for next experimental run (and higher res capability)
New PMT: extends spectral range to 1700nm
Increased shielding at IP to reduce X-ray background
Signal processing: narrower or multiple gates to distinguish sig vs. bkg
* Plans for acceleration demonstration experiments:
1060 fiber (if modes detected), Incom custom fiber, gratings, woodpile
Possibility of testing open half-structures (grating, woodpile)
E-modulation with long bunches - net acc. with microbunched e-beam
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