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Betatron (Kerst & Serber)
O Electrostatic (Van de Graaf)
@ Rectifier (Cockeroft & Walton)

@ Alternating-Field (Wideroe)
Also progress in beam brightness
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NEW ACCELERATOR TECHNOLOGIES

build the particle accelerator of the 21st century

LASER DRIVEN PLASMA BEAM DRIVEN PLASMA STRUCTURE-BASED
WAKEFIELD ACCELERATOR] WAKEFIELD ACCELERATOR| WAKEFIELD ACCELERATOR

Nature naturc S

Dreqm Ibeam

Dielectric
Layer  Cladding \Wakefields  Drive Beam

Many synergies across the technologies



FEL: LCLS nght Out of the Box
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Spontaneous emission sources

Era of Crystalline Matter | Era of Disordered Matter
and disordered/ ( and ordered/coherent X-
Incoherent X-ray probes ray probes




STRUCTURE-BASED
ACCELERATORS



| . . . :
Beam acceleration In a collinear wakefield accelerator:

hollow dielectric channel or corrugated wall waveguide

group velocity = (0.7-0.9)c

*) G. A. Voss and T. Weiland, DESY M-82-10, 1982;
K. L. F. Bane, P. Chen, P. B. Wilson, SLAC-PUB-3662,1985;
W. Gai et al. Phys. Rev. Lett. 61, 2756,1988.




Potential of Structure-Based Accelerators

I Low cost device (likely)

ain DWA accelerator component;

30mm I High field gradients®
Copper

. I High wall plug power
2.4 mm S efficiency
// I High bunch repetition
rate?

Quartz tube with 0.2 mm wall

1. Accelerating gradient ~ 300 MV/m has been
demonstrated at FACET (SLAC)*
2. SRE linac can be used for a drive beam

*) B. O’Shea et al., Nature Communications, September 2016



A concept of a high repetition rate multi-user FEL
facility based on Collinear Wakefield Accelerator

CWA: ~2

Spreader & |_GeV Undulators
compressor _; [ - :
SRF: ~400 MeV ' L mhd — -
E-gun “500 kHz 9 L=l g -
m \, ———— [ | = g
T I' :dHHNK)()(t: " :::ZIZZI" o Ty o
Beam N o — '@ a o
Laser 5 mA, ZMW e, o | Sogeoones | P il <
Shaper . —— ~y @
5 MeV o =19 —J =
—7 Q
» ~20 m :FQS m,, ~30m , ~5m . ~50m , ¢

Flexible: each beamline has its own accelerator

B Low energy spreader
B Accelerating gradient ~ 100 MV/m
B Tunable electron beam energy

B Tunable peak current > 1 kA

X-ray pulse rep. rate ~ 50
kHz to each experiment _—~
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Wake Field and Transformer Ratio

Wake field

Drive bunch longitudinal Gaussnan+bunch
\ density | E

-~ R< 2
E(s) o jP(S')G(S—s')ds' la S nili¥ /
Y 2 O
A \ 0
Green'’s function, i.e. - -50 Eg
point chargiwake field I s (mm
-100
G(s)~ ?cos(ks) ~15-025 1 225 35 475 6

Transformer ratio®)

E+ (Maximum accelerating field behind the drive bunch)
~ta

(Maximum decelerating field inside the drive bunch)

12




Energy Gain by Witness Electron Bunch

Goal is to extract maximum energy from drive bunch, up to
n=80%, and obtain highest energy for the witness bunch

“Doorstep” distribution [1] =~ T |
E*  ABuitness™ _F_Q_?_'_E_d_ri_\/_e___l
R=5
z

A / \ Efficiency of utilization of
i‘\___ ” 7 drive bunch energy Eg;ie

e~ \ J ! Example:

' Egrve =400 MeV |

RS ;

00 05 10 15 i” =0.8 |

/2 AE,jress= 1.6 GeV |

Other distributions possible, seealso2) @ —-

1) K. Bane et. al., IEEE Trans. Nucl. Sci. NS-32, 3524 (1985).
2) F. Lemery, P. Piot, Phys. Rev. Spec. Topics — Acc. and Beams, 18, 081301 (2015). 13




Transformer Ratio and Acceleration (2)

o Ky 2n_=0.701 1.91 2.91
:; An h AN *x—> | R — 1+ (K )2
AN N &AL
AR RS |
5—400 AR .
g | R=29 R=6.6 R=9.9

0 1 2 0 1 2 0 1 2

120 R

Triangular Bunch

0 = 4 0

K. Bane et. al., (1985) ‘
0 5 kvb 21 10 15

Wakefield (MV/m/nC)
A (@)) (]
8 8 8
_‘_H—“
~m
=
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J. Power, Presentation at 2011 Argonne Workshop on Dielectric Wakefield Accelerator’




Energy Efficiency and Power Management

.— witness bunch charge

Efficiency < Q,E L Q"Vn

QE'L Qg
"~ drive bunch charge

/" Ege =400 MeV

Evitness = 400 MeV
R =5 JB
For n =08 efficiency = 15%
Qp =8nC
\_Qw =03nC
400 MeV Power management 2 GeV
Drive +witness Wakefield accelerator ~ 20 m 30 kW witness
166 kW ——> 33:>
In Power loss 52 W/cm out
at 50 kHz rep. rate 32 kW drive

80 MeV =




Three basic rules of the collinear
wakefield accelerator

Efficient CWA have to:

= trade a high energy gain for a high
transformer ratio,

= use bunch shaping to obtain constant
decelerating field inside the drive bunch,

= maintain stable drive bunch until it almost
completely decelerated.




MANIPULATING
WAK DS VIA BEAM
SHAPING




Emittance Exchange Beamline Converts EXPERIMENT
Transverse Shaping to Longitudinal Shaping ~ AWA/ANL

(D Rectangle @ Trapezg

@ Take final z-longitudinal bunch shape




Masks ( ~100 pum of W)
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Witness Bunch Shaping

Reduce correlated energy spread in the witness bunch
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Reverse trlangular witness bunch*
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Problem at a high bunch repetition rate

— 3 Transverse particle
£ i distribution after mask
> 2’% 21 03 —

s

h
a0% Yy

R
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c sonl ] ~ 60 kW will be deposited on a mask, even at a low
T energy 5 MeV (below threshold of material activation)

tis)




Drive bunch shaping using photocathode laser

parabolic )/

fit \
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... was proposed to remove
significant quadratic energy — m—)-
chirp at the end of the FERMI

FEL linac

Current ()

0.5 0 0.5
Time (ps)

*) Cornacchia, Di Mitri, Penco, Zholents, Phys. Rev. ST-AB, 9, 120701(2006);
Penco, Danailov, Demidovich, Allaria, et al.,Phys. Rev. Lett, 112, 044801 (2014).

* Time (ps)




Drive bunch shaping using self-wakefields*

Explore nonlinearities

Initial bunch | Dielectric Wakefield Mini-chicane Triangle-shaped
distribution Shaper distribution

Initial Phase Space%y(z) Phase Space ¥(z) Final Phase Space ¥z)
12200

v(2) = =5 y(2)

210 t
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195 “1%
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*) G. Andonian, Advanced Accelerator Workshop - AAC 2014, San Jose, (2014)




Make it more precise using Double EEX’

funded project for AWA

Emittance exchange FODO Emittance exchange
€ e e e e e - PE---——mmmmmm— - [ e T >
< 'I < 'I > < T >< 'I < -I >
| |
QD QD
H"G) /.. QF , /U‘""'Q /.. QF
X B Wy X B ’
B\ OF P U 7 \é QF ™
QD D
B A0 B

TMgyo TMy30 TMy;0
Deflecting cavity

Zz —X emit. exch. X —z emit. exch.

v Before mask After mask At exit

At entrance

5000 Z /\““
2 A

1200
(d) | 1000
800
600
400
200

drive

| witness

g

current (A)

N ? witness
o

-2 -1 0 1 2

better transmission efficiency time (ps_)
& *) A. Zholents and M. Zolotorev (LS-327/APS, 2010) =

X (mm)



Bunch Shaping Using the Entire Accelerator

S. Baturin, work in progress

Uses no masks

20—

o,a.p&“-'“”"“ ) «—~200A _ ~4 kA —»
0.6-_; | 15;— P / ‘.,’ |
04! j Time reversible tracking 1 y | |
004 N : :_\./,”# ,,,,,,,,,,, ‘-
-4 -2 0 2 4 -06 -04 -02 00 0.2
mm mm
U=150 MV  U=50 MV U=70 MV U=250 MV

o Ph. 29 deg. Ph. -10 deh. 15 demh. 30.8 dm
—p> e

csr=0 csr=0 csr=0
13GHz  39GHz o _ oo 13GHz R _ogmm 18GHZ R - g0 mm
0.06~ 4 0.06: - PR
0044 / : Includes: o, Large energy Ch”ﬁ, &
0.02:|/ | q - 02; y
4 ooll | || . Wakefields 4 oo 2
< A 3 1 & d
oo J « Long. space charge By I
-0.04 ] el
Rl =" M * T566 00956 04 02 00 02
mm mm
Drive bunch In CSR is next Drive bunch Out




BEAM BREAKUP
INSTABILITY




Drive Bunch Beam Breakup Instability (BBU)

Examples of longitudinal and transverse wakefields (W, ~ 1/a2 , W, ~ 1/a3)

Freq = 400GH=z, Charge = 3.5nC

100 |
W=

W, (MV/m), W, (kV/m/um) — Wi

S0

Wz [MV/m] & W [KV/m/yum]
o

-20 W=C

-100 - :
-3.5 1:33 -2.5 -2 -1.5 -1 -0.5 o

Z [mm]

Cumulative collective instability arises from continuous exposure of tall
electrons to transverse wake field*

(C fc Nz N D

Snapshots of a single bunch traversing a SLAC structure

*) A.Chao, “Physics of collective beam instabilities in high energy accelerators”, New York: Wiley.




Balakin-Novokhatsky-Smirnov (BNS) damping of BBU

900

300

o /00

c00

200

Initial energy chirp ~15 % (peak-
to-peak)

Use FODO channel

Produce “chirp” in the betatron tune along the electron
bunch using the energy “chirp”, and

Force tail to oscillate out of phase from the head, thus
mitigating the impact of transverse wake fields.

lllustration for Colinear Wakefield Accelerator (CWA)
"I Transverse oscillation of particles of a

| | | | ) chirped beam -
= vB= E / mc? - . v
P=vP Witneg e
bunch —_
head é o
{ X

After 4 m of propagation
tall -5 010
drive J

bunch | S e ~ After 8 m of propagation

8 13345102 1.33451 08 334708
t (Sec) P EESEAOE  2.6686v10F  D.EEETAGE  DEEEEMO-E 26680+ 08

t (sec)

1,334310% 1.334471 0

Particles of different energies have different
oscillation periods in the FODO lattice




FODO channel (quadrupole wiggler) to control BBU

Wakefield accelerator

Tapering quadrupole B'

15

Wbl I |
~ 3 Quadrupol
WX Q/ a o B D v chuaannnérc ©
Wo ' -
— DAY DN Y NN NN A
Witness heaml’ f\
- —-i::)%— 23 2:b~g——
Drive beam /‘ U-2J;Wu
A v A ¥V A ¥ A V] (damped
Wakefield accelerator imbedded into quadrupole wiggler

1125

—— Effective
—— Real

orsl | [

0375

Gradient [T/mm]

—-0375

-0.75

—-1.125

-15

High gradient hybrid quad
* Bore radius = 1.5 mm.
» Peak gradient = 0.96 T/mm.

e Sub-micron precision in the magnetic
center position.

e Length =40 mm.
* Weight = 2.5 Kkg.

* Magnetic force between top and bottom
parts = 30.5 kg.




Maximum energy gain is defined by the quad strength

E, scales ~1/a2 W,~1/@

W, ~ 1/a3 ‘ . ‘
/ / \ Obtained using a two-particle
0T B

. maodel, this envelope is defined by

—2-particle . i
O Multiparticle the maximum attainable quadrupole
o0 100 nC #Heixoeicie gradient at each bore radius*.

E L. T TR Fixed Q=100nC
= 600F | ] i
s i 10nC E, scales as ~a'? on a boarder line

of a stability region

-
‘h,‘"‘.

200- %  stable region 4 ™
R Control of BBU instability
% 05 1 15 5 25 favors larger radius
a, (mm) 9 y

*) Gaussian peak current distribution of the
drive bunch is assumed

*) C. Li, W. Gai, C. ling, J. G. Power, C. X. Tang, A. Zholents, PRST-AB, 17, 091302 (2014)




Similarity with a Hollow Plasma Channel

Crossh
PHYSICS OF PLASMAS 20, 123115 (2013) @ Gelckior

Beam loading in a laser-plasma accelerator using a near-hollow plasma
channel

C. B. Schroeder, C. Benedetti, E. Esarey, and W. P. Leemans
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

(Received 20 May 2013; accepted 3 December 2013; published online 23 December 2013)

Beam loading in laser-plasma accelerators using a near-hollow plasma channel is examined in the linear
wake regime. It is shown that, by properly shaping and phasing the witness particle beam, high-gradient
acceleration can be achieved with high-efficiency, and without induced energy spread or emittance
growth. Both electron and positron beams can be accelerated in this plasma channel geometry. Matched
propagation of electron beams can be achieved by the focusing force provided by the channel density. For
positron beams, matched propagation can be achieved in a hollow plasma channel with external focusing.
The efficiency of energy transfer from the wake to a witness beam is calculated for single ultra-short
bunches and bunch trains. © 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4849456]

provide a defocusing force to a positron beam. For a relativ-
istic positron beam, one would operate using a hollow
(plasma channel (n, =0) and rely on external focusing.
Strong focusing could be achieved by using permanent mag-
netic quadrupoles positioned around the plasma channel
structure. ) ) )




Study cases

casel casell
Fundamental mode Freq. (GHz) 400 300
ID (mm) 1.5 2
Drive bunch charge (nC) 3.5 8
Double triangular bunch length (mm) 1 1
Drive/main bunch energy (MeV) 300 400
Bunch rep. rate (kHz) 100 50
Peak Accelerating Field (MV/m) 42 90
Power dissipation without and with THz 19, 5.4 54, 10.8
field coupler per unit length (W/cm)
Transformer ratio 8 5
Witness bunch charge (pC), length (um) 50, 5 250, 10
Total DWA length (m) ~40 ~20
Drive beam dump energy (MeV) ~ 70 MeV 80 MeV
Drive beam to main beam efficiency (%) 8.6 155

Witness beam energy gain (GeV) 1.5 1.6




lllustration using 3.5 nC drive and 50 pC witness bunche

N
Q

~

U
Q.
>‘

1
o

NumberOfOccurences

640
620
600
530
560
540

500

600

400

200

y(t)

Energy
chirp=18%

withess

300 MeV @

3.5 ps

>
7

Z2.B7¥ Q-0 2.88+1 010 Z2.69¥1 Q10

t (sec)

2.70«1 010

2.71¥1 010

(1)

2.57«1 010 2 58« 10 2.89% g0

t (sec)

270w 070

271+ Q-10

1.0 0

5 0¥ 8

—5.01 o5

-1 oo

Z2.BT7¥ Q0 2.88+1 010 Z2.69¥1 Q10 2.70«1 00 2,71 10

t (sec)

Om

Space charge effects are not included




lllustration cont'd

NumberOfOccurences

2000
1800
1800
1400
1200
1000
800
EOD
400

300

600

400

200

—

~0.95 GeV

v(t)

3.5 ps

/

“)

5.6640-1 08 56841108 5684241C% 56843408

t (sec)

(1)

5.6840+10°% 568414108 568424108 56843108

t (sec)

-

e
S
2

1.5«10-

1,00

5,001 078

-5.041 078

=101 0

-1 51

56640408 5684108 L ERAZGE S5 EE434A08

t (sec)

the drive bunch tail develops lagging
and sees the wake’s accelerating field

after 17 m




lllustration cont’d

vB= E / mc?

p:

NumberOfOccurences

2500

2000

1500

1000

500

800
700
600
500
400
300
200
100

y(t) . 1.25 IGeV @

1.1 3493107 11341 307 113494407 1134151107 113418407

t (sec)

Drive bunch and witness bunch
separation decreases because of
their different energies

after 34 m



Problem mitigation

50 : ‘ . —
Fin witness

B/ Move main bunch to second i ﬁ[ﬁ /\
maximum (can be difficult if done 0

S |
using the mask) \ | v

B Make adaptive frequency channel . - |
and always keep main bunch at or o o, 0
near to the maximum (easy)

Ez/(MV/m)

01 < 0y < 05

B! Use drive bunch with higher energy frequency adaptive channel
(affects facility cost and energy
efficiency)




racking results using 8nC drive and 250pC witness bunc

N

-t

After 2 m E,,=400 MeV
1100 | 1, freq = 299.7 GHz “itness(D)
1000 current ~— wake
/ \\.\ M //I ' \
\\ / ﬂ o
% 200 \ r/ ) 2
I \ /
o \ /
800 N/
Z (mm)
700
6,672;'1 o9 6,674I¥1 n-% A ATAY 09 6.678I¥1 o-%
t
6,672;'1 09 6,674:*1 [ h "_";*1 o® 6.678I¥1 o-®

After 20 m E,+=2.0 GeV
. . e .
3500 | TMy, freq =336 GHz “it"ess (D
500U — current lv/vake
2500 \[, /"J‘”NM /f\\\ ﬁ,\\'
/‘“\—//n / \ / I\ \ =
Q. 2000 T \ / g
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I 1500 N/
1000 z (mm)
500 | \_
; _
6.6714~10-2 6.6 B71EA 08 G.ETEO G
t
B.8714x Q-8 6,571 St o8 A R-Talves 6.6720¢1 08
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Further Customizing Drive Bunch Distribution:
accommodating smaller initial energy chlrp

=1 Classical double-

| triangle bunch currey

| distribution //

I1(x)

/Il///

| Z Uniform wake field / \\
vieo L \
E}_l —Q‘_\ ff 1}\
. A \
- I WZ \ j
e | . \:_7‘:
ot o

ot

| parabolic content ?

ot

New bunch current distribution

Lmearlv growing wake nel?/f\

‘| stimulates energy cnlrp [
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y
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Planar waveguide (weaker dipole wake for a flat bunch)

Wz (MV/m/nC)

r’ X 40 —
Y 1 C?CULAR

metal

dielectric .
b al ,," vacuum 5
W 20 —
(a=1.5 mm, b = 1.584 mm, W=8 mm, &=5) selected to /:0 | RecTancuLAR .
obtain the same W, as in the circular geometry 0 2 L. 8 10
Wx,y (MV/m/nC/mm)
" - —_ CIRCULAR dipole Wx=Wy
e dipole , , quadrupole
<« @D Trailing © T .
""""""""""""" rticles .oy ‘
partic esOA y
dipole | ¥quadrupole

-4 RECTANGULAR quadrupole Wy=-Wx,
coincides with dipole Wx

Even on-axis drive bunch will excite the quadrupole wake -12 — T
(0] 2 4 6
T (ps)

Can quadrupole wake produce BNS-like damping?




Is there confinement by a quadrupole wake?

S "1 Quadrupole wakefield and
Alternating, Q PO o »
=010+ quad focusing are in “phase

JOCUSING and

dr‘_"r ral o r ~— 1.5=1 074
cieCUSING =
Wel e e .
—= it b 1.0 0
5.0%10

0 5 10 15 20 25
S (m) )

Quadrupole wakefield and
quad focusing are in

opposite “phase”

NOt mUCh. 3x1 04
Although slightly weaker quads can =

be used to control BBU *

X

©

1 x1 Q4|

& 10 15 20 23

s (m)
*) Shchegolkov, Simakov, Zholents, IEEE Trans. on Nucl. Science, 63, 804(2016)
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Tolerances

B Misalignment of FODO quadrupoles (or trajectory) < 1 um

80 — - . .
- 5 um initial orbit offset Random misalignment
Z rms errors > um
60 — | No particle losses in the case of H
- 1.75 pm

correlated variation with amplitu
of 2 um and period > 0.3 m.

1.25 um

N
O
|

Lost particles (%)
D
o
I

0 5 10 15 20 25
Z %m
B DTraigntness or tne waveguiae: petter tnan Lu pum

Particle loss (%) at 20 m
40 —

B L R T e s b 30

w =

20 —

Maximum amplitude is 10 pm and the 0]
period is varied ol

10 20 30 40 50 60 70 80 90 100
Period (cm)




Measurement of quad’s magnetic center with a sub-pum precision*

gl 2
quady 0.6 T/mih (S'Anhp&')‘:?
— "

A maoving wire ! Sy . il

T g ot
{ !

LY ~

= t +] b=-1.8857
= 5 = -1, +0.792 um
g -l rm.s. error =0.792 um AT =] H
: W S
I =
SN0 ritp-ay+b oiee IEEL
< o= il — fit 5 i
% 0- ,=;==-""'Fp . 24 \._./‘ Vl:l
T 500~ o s
T 0.75mm . s |
-1000 -, I [ I [ I I I I 0 ; 0 s
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Transverse field distribution in 0.75-mm aperture quad

Pulsed wire technique will be used for a quadrupole wiggler

*) I. Vasserman, J. Xu, APS MD-TN-2016-003




Adjustment of quad’s magnetic center with a sub-um precision*

First variant

prototype
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and t6 uminy
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Second variant
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*) Design team:
Doran, Shiroyanagi. Strelnikov, Trakhtenberg, -
Vasserman , Xu, Zholents




Vacuum chamber

Q_drive 8 [nC
Q_witness | 0.3 |nC

f rep 50 |kHz
E_drive 400 |MeV
R 5

P_wall loss| 20 |W/cm

RF main mode and HOM
coupler every 0.5 m
_ . BRM

RIE coupler

Beam power in: (160 kW drive + 6 KW witness)
Beam power out: (32 kW drive + 30 kW witness)
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RF coupler removes ~ 2 kW .4

RF coupler field
transmission efficiency

(single-mode wakefield
accelerator is desirable)
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Dielectric Lined Waveguide

Dielectric Charging by Loss Electrons

* Provide surface conductivity
TiN ultrathin film (<10 nm) coating

* Drain charge from the bulk

Material by design: attain properties of perfect
dielectric at THz frequencies and DC conductivity

Candidate material: zinc metaniobate (ZnNb,Oy),
works at (10-150) GHz

Explore CVD diamond with doping



Vacuum chamber prototyping

Copper coated
quartz tube







Small Period Undulator

... allows obtaining the same
radiation wavelength using the 1 _ Aundutator
electron beam with less energy X-ray

(shorter and less expensive Linac)

A promising technology is a helical superconducting
undulator

elical magnet
assembly with
strong-back

Innovative concept of multiple helical undulators sharing one cryostat
Supplemental helical quadrupole winding will ensure a superior FEL performance
Expected period ~ 10 mm (for 2 mm vacuum bore)



Photon energy =1 keV
Beam energy =2 GeV
Emittance =0.6 um
Energy spread =10"*
Peak current® =8 kA
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working point

Helical quadrupole alternates
focusing and defocusing
in x and y with one
set of coils
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Soft x-ray FEL und. parameters with = 0.6 m.
Parameter dipole quadrupole A small beta-function

helical coils helical coils in the undulator helps
Period length (mm) 12 900 to realize the full
Vacuum bore diameter (mm) 2 - potential of ESASE
Winding bore diameter (mm) 3 12
Peak magnetic field (kG) 13.4 ; * after ESASE current enhancement x8

Peak field gradient (kG/cm)




FEL simulations (illustration)
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RIM PLANS

“You must first understand where you are and
where you need to go.”
-From The Art of War by Sun Tzu




Linac Extension Area at APS

Bunch

Compressor
Deflecting
LEA tunnel cavity \\
Y 150 MeV. 35 MeV.
= _ 7 YA
Experimental Area: 48x4m Linac Operations ~ Photocathode

Accumulato
Ring, 400

Guns Gun

Beam parameters in LEA tunnel

Electron beam energy ~ 300-450 ...500 MeV i
. = Tt _! "'

PCgun installed at the
head of the Linac

Electron bunch charge 50 - 500 ... 1000 pC

Beam emittance 0.5-1.5 mm-mrad

Beam energy spread 250 — 500 keV Laser (Nd:Glass)
Wavelength 1053 nm

Bunch length 100 - 1000 fs

Pulse energy 2-5mJ
Bunch rep. rate 6 — 30 Hz Pulse length 1-4ps

>3




LINAC EXTENSION AREA (LEA)

Reconfiguring the existing beamline with both old and new components

~10m

> Wa”
- . . . ! ,' -
spectro eam directionk=:
dum meter —— = —
P Gate valve

Provides flexible beam focusing at the center of experimental ® BPM
area ranging from a tightly focused round beam to a flat beam. | YAG screen

Argonne &




Experimental Chamber

For component testing

‘euclid

TECHLABS




The initial goal is to build a 0.5 m long accelerator unit
and test it in LEA tunnel using APS injector linac

Will test:
alignment tolerance <0.75 um rms quad-to-quad and <2 um rms module-to-module



ONG TERM PLANS




“The best way to predict the
future is to Invent it”

Steve Jobs




A Preliminary Roadmap to a Compact FEL Facility
2016 PAONRS 2020 2022 2024 PAOPAS 2028 2030

* Structure or Plasma Wakefieldraccelerato;

E " &= Concept development

Single stage accelerator forSEIHRAEYS

e

_ 4= High charge, high repetition rate electron gun
- 4= Drive and witness beam shaping and manipulation
_ - 4= Demonstration of high transformer ratio

- €= Fyll scale prototype




A Preliminary Roadmap to a Compact FEL Facility (2)
2016 PAONRS 2020 2022 2024 PAOPAS 2028 2030

" &= Q-factorimprovement in Nb-based cavities

- 4= Development of VigB, technology

il oty BTN
Cryomodle proAEEECTIS

Short period, smalligap'SCIRG U,

4= Design, fabrication and test of helical device
| - €= Helical device with quadrupole winding
- 4= Cryostat and magnetic measurement development

Industrial mot



A Preliminary Roadmap to a Compact FEL Facility (3)

2016 2018 2020 2022 2024 2026 2028 2030

- 4= Adapting FEL to wakefield accelerator

‘Seeded FeLs prototyping SO PR
~ Single stage accelerator foreo Iy RN




In place of conclusion

Are you looking for a
challenging task?
Join the effort!



[ fank Y04 fnﬁ your
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