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(== Brief history of passive structures as a Dechirper

Motivation:

Initial chirp

0.5

1% Few tenths

Ap/p,, (%)

I 1 1 1 1 1
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time-t, (ps) time-t, (ps)

1 Theoretical study for corrugated structure with
flat geometry by K. Bane and G. Stupakov

= |mpedance of a rectangular beam tube with ‘
small corrugations, PRAB ST 6, 024401 (2003)

W —- o = oW

= Corrugated pipe as a beam dechirper, NIM A,
690, (2012)

' '
oW

= Dechirper wakefields for short bunches, NIM A,
820, (2016).

1 (ps)

W= o =

O Simulation codes, i.e. ECHO by I. Zagorodnov

) Test with beam at ITF, PAL on 5-10 August 2013. -
P. Emma et al. PRL 112, 034801 (2014)
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(== Brief history of passive structures as a Dechirper

O S. Antipov et al., Experimental Demonstration of Energy-Chirp Compensation by a Tunable
Dielectric-Based Structure, PRL 112, 114801 (2014)
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Experiment in ATF at BNL

O H. Deng et al., Experimental Demonstration of Longitudinal Beam Phase-Space Linearizer in a
Free-Electron Laser Facility by Corrugated Structures, PRL 113, 254802 (2014)

FEL (SDUV-FEL) facility in Shanghai

< 2!
seed pulse 3 dump 5 08
Bunch disper. E £ 0.6
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g 04f
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Brief history of passive structures as a Dechirper

O F. Fu et al., Demonstration of Nonlinear-Energy-Spread Compensation in Relativist Electron
Bunches with Corrugated Structures, PRL 114, 114801 (2015),

Center for Ultrafast Diffraction and Microscopy at
Shanghai Jiao Tong University

(a) / \ /\ laser
Ll energy
BBO crystals sPeCtrometer/> 2
TEVELTT / /
" gy
P1
gun corrugated structures TCAV

Q C. Lu, Time-resolved measurement of quadrupole

wakefields in corrugated structures, PR AB 19,
020706 (2016)

S
)
= o
g -2
x f‘ :‘:'\,
= O -2’ ——current
-4+ ) S0, P ‘ o experiment |
M@ - = = simulation
-6 L L : .
-6 -4 -2 0 2 4 6
t (ps)
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[==1J» Dechirper at LCLS

Vertical
Vertical Dechirper BPM SS BPM I_l S S Dipole Bend
Horizontal Dechirper Transverse Horizontal Transverse g

Profile Deflecting Cavity Dump
Monitor

A 4

Screen

Ref. Z. Zhang, PRST AB 18, 010702 (2015)
LCLS Dechirper by RadiaBeam System
Two talks in this session:

O Dechirpers design and experimental results, Tim Maxwell

O Fresh-slice x-ray FEL schemes for advanced x-ray applications, Alberto Lutman
(SLAC) [to be presented by Tim Maxwell]
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RS Outline
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(= Longitudinal beam profile diagnostics  stLae s

Hori V?fﬁcal
FEL Qngu/a,Q, ‘Ws /X'fiy/’
X-band transverse cavity very valuable . G - W
. . > - § X-bang imosy’ energy
instrument to: N " Deflector Seren
L Optimize the lasing along the bunch U Directly observe the microbunching instability
o and its mitigation
Behrens et al., Nature Communications,
a
0 lasing off .8 —;] %\ L H off %
- u33
— 3 50 23z~ § .IH’H“‘ ', )
g O[4- o \ o |l o
= -100 ) o l" | b
g 40 o 20 L/// 50 T p T ‘% %
& fs / S ot o K
; o t )/ At % . % w ° >
. d 100} - - 50 0 50 -5 0 50
40 0 40 -40 0 40 -40 0 40 | Longitudinal position (um) Longitudinal position (um)

t(fs) t(fs) t(fs)
0.01 .

56 60 65 70 75 80 85 90 95 100 105 110 115

Undulator magnetic length (m) £
BUT:
o

O Expensive manufacture
L Operation costs (powering, maintenance)
O It may suffer from jitter issues

Energy relative to 3.7 GeV [MeV]

&
S

-80
-250 -200 -150 -100 -50 0 50 100 150 200 250
Time [fs]

Courtesy of A. Lutman
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(= Working principle

Screen

BPM BPM
RF - TDS
& r
____________ '_//_%VNC >
L T
&

Passive Streaker @

d The method to time-resolve the longitudinal profile is based on the self-
transverse-wakefield generation

O A correlation between temporal position of the particle along the bunch and
transverse position at a downstream screen is introduced

O The beam passes off-axis through a structure capable of generating a strong
monotonic transverse wakefield along the full bunch length

O Potentially sub-fs resolutions achievable
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(== Suitable wakefield sources

O Several sources can be used to do such a measurements. //ﬁ
. 1omoms| -
The requirements are: € Passi\y;(reaker
~ " 1
O Wake potential a monotone function along the full bunch 2 //
length _ /3/(-band
O Amplitude of the wakefield enough to limit the length of THOME 2102 3077 4102 51042
the device to a reasonable value t(s)
CORRUGATED DIELECTRIC LINED-WAVEGUIDE
conductor A Dielectric
BEAM
g<1-2mm N BEAM
h~ 100s um \\\%§

Inner diameter < 1-2 mm
Outer diameter < 2-4 mm

Lx<1cm w Conductor

More typically |$ Easily tunable More difficult to tune <:| More typically

corrugated Reduced amplitude (by 2/16) Maximum amplitude dielectric lined
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[(=J» Numerical simulations

O Simulated in Elegant a wakefield source monotonic along the full bunch length

U Double horn current profile (LCLS undulator like)

Ay =0 um Ay =500 ym
04

HEAD O Only the dipole included

02

E 0 O Beam at the head poorly streaked

Lres

02 L Transverse size is a small fraction
04 TAIL of the streaked image
0.2 0 02
X (mm)
ﬂ | Calibration factor: Resolution:
dys
o
i = 7> y0,scr
Reconstructed S = Osres =~
Assumed I
15 — 450
(b)
= 10t 1300 &
:f 5t 4150 &
Y - - - - —] )
0 0.5 1.5 2 2.5 3
y [mm] t [ps]
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= Experimental setup at SITF

Deflecting

q

v dipole . quadrupole 4 BPM+screen tscreen
Harmonic cavity

(X-band) TDS

l

Acceleration (S-band)

EEEE HEEE ===l HEEE

Passive
streaker

HEEEE EHEEEE EEE=E HEEE=E

S-Band RF gun

Energy 140 MeV
Charge 200 pC
Laser pulse length 2.7 psrms
Bunch length 1 psrms
Alumina

Dielectric constant 10 remotely movable support

Metallization ~20 um
- O Metallization with Cu layer
Internal diameter 1.65 mm
External diameter 2.40 mm
Length 9.5cm

Beam compressed to have a length compatible with a monotonic
wakefield point charge

Limited space for the streaker (L, = 9.5 cm)
Lowered the beam energy to enhance the effect (y,(s) « %)

Phase advance in the vertical plane between the streaker and the screen
to maximize the resolution

1[A]

O Streaker mounted on a vertical

100

80

60

40

20

Screen

1
-------------------------- 4=
Compression - ' (—




<ys> [mm]
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O Shifted the position of the tube

J Measured the centroid of the
beam on a downstream screen

[ Centroid kick calculated

S Measurements at SITF

-1.0
Ay=0.00
.0
-1.0
Ay=0.51 mm b
0
: : ©)
(d)

X [mm] x [mm] x [mm]

0
1
-0.5
0.
10 T —
0.5 |
0.0

1.0

o
)

density
[arb.units]

[
U

.0 —4.5 4.0 -3.5 -3.0 -2.5
y [mm]

15 T T T .
] - ==Dipole wake d The kick factor can be expressed as:
1.0F —Dipole and quadrupole wakes - K= CiAy+C3 Ay3
_____ - B Measurements
L Tewa i
0.0r ] C; [MV/(nC:m-mm)] 0.62 0.63
05 .. | C5 [MV/(nC-m-mm?3)] 0.52 0.43
—1.0r .
I
15 . . . L Quadrupole effect not negligible for Ay>0.3 mm
=1 -0.5 A |
y [mm)]

passive streaker
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()= Defocusing due to the quadrupole

O More important if the beam size is large compared to the aperture of the device or the
beam is more off-centered

O The charge distribution at the screen used for the convolution, to include the defocusing
effects for a transverse beam distribution at the streaker is given by the expression:

Ay (ys — ys)] .
Vsq(Fs) | Vsq (ys

pscreen(Ys) = jpscreen(ys)prl

O ysq is the transverse displacement of the beam at the screen due to the quadrupole wake
only, for a particle at offset Ay at the passive streaker, and that is deflected to the

coordinate y, at the screen
120

100

L Green: convolution with dipole and
guadrupole wake functions, defocusing effect
due to quad and finite emittance

80
60

40 O Blue: measured transverse profile at the

screen

density at screen [nC/m]

20
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p—

BE Experimental reconstruction
100 ;

— =Measured
— Reconstructed

current [A]
(@)
(=)
[

2.5 3 3.5 4 4.5 5
t [ps]

O The method demonstrated to be able to reconstruct the FWHM of the beam experimentally with a
limited 9.5 cm length device (space limitations at SITF)

5.5

3 I I I 3
—— Transverse displacement

— 9 — =Time resolution w/o quad
g — Time resolution with quad
> 1

0 : ' ‘

1 1.5 2 2.5 3 3.5 4
t [ps]
O The resolution of the method is determined by the wakefield source, and the beam size along the
streaker:

is poor at the head of the beam (no streaking)

depends on the quadrupole effect going from the head towards the tail

More details in S. Bettoni et al., PR AB 19, 021304 (2016)
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(1= Resolution optimization

Passive

TDS streaker Screen
1
------ ==t =44= 4
W BpM . Quadrupole < Beam_;

Ay
Scan of the phase advance between the passive streaker and the profile monitor may be an
efficient way to optimize the resolution of the measurement

70

60

50 H

401

5 30 -

Os,res [um]

20+

10

0 20 40 60 80 100 120
s [um]

P. Craievich, A. A. Lutman, NIM A (2016). Page 16
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(= Passive longitudinal phase space linearizer

Compression process is strongly affected by non-linear effects such as the sinusoidal RF
time curvature and the second-order path-length dependence on particle energy in the
magnetic chicane

2 //// 15 Without X—ba‘nd
s - — active system
Ci C2 C3 C4 X BCl g 0 3 1l
—H—H—H—H_if\_ 3 -2 05 Iii\hﬂ
N / 0 T
2 -02 0 02 04 06 -02 0 0204 06
L1 LX z [mm] z [mm]

/ 0.3 ”MIM’MWJ“’I’hwqulmf“llrf[rww

4
AFEs(z) = —eQL/ w)|(z — 2')pr(2)dz = < 2
—o0
= <02
. sksL ~ .
= —eQLAosm,Es_L_zhk) cos(ksz) if z > %, 20 % With X-band
— 2 active system
- —Q—ekSLL’:O sin(ksz + %k) if |2| < %h, < ) 0.1 y
0 if 2 < —%‘1. 0
-0.5 0 0.5 -0.5 0 0.5
z [mm] z [mm]
yd
Ci1 C2 C3 (4 BC1 ) 04
§ _ 0.3 et T bel‘mﬂl‘-“-’lw’\:mﬁ"ﬂlp,——rﬂmy
| | g0 g 02 o
T ~ 0.
~ ~N - 3 ) o1 With passiv
L1 system
-0.5 0 0.5 —8.5 0 0.5
z [mm] z [mm]

P. Craievich, PRST AB 13, 034401 (2010) Page 18
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(5 Activities at FERMI@Elettra

q Elettra Sincrotrone Trieste

0.05F

0.04 1

0.03 1

LiTrack 0 —— .
Wake potential 2
_-05¢F . . . 1
2 induced in Linac2 _
g 1 15 — Wake ON
2 € — Wake OFF|
< -1.5 ¢ qt) 1t
i) 5
< O
=
05"
25 : : : : ‘ :
-1.5 -1 -0.5 0 0.5 1 1.5 2 . . .
- . time (ps) -0.5 0 0.5
time (ps) 190 MeV time (ps)
Laser Heater X'band OFF BCl

BC2

\ \ _/ \ /) | 520 /1.3
100MeV \ l | \
PHOTOINJECTOR LINAC1 LINAC2 LINAC3 MeV LINAC4 Gev
08¢ Without X-band, the o | | | |
0.7} i i .
. compressmn process Is 05 Wake potentlal
< 0'57 not linear S induced in Linac3
z o = sl
£ 04r %
8 2
© oal g
25
0.2 &
= 37
0.1
-3.5
0 L L L L L L
-1 05 0 0.5 1 1.5 2 25 -4

G. Penco et al.

time (ps)

-0.5 0 0.5 1 15 2
time (ps) Page 19
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O Experiment using the linac longitudinal wakes to linearize

O Double-stage compression and without the X-band cavity, 700 pC

ELEGANT

5 (%)

N I (A . . .
A -0.8 -0.6 -0.4 0.2 0 0.2 0.4 0.6
time (ps)

0.8

i

2000

1800

O Lasing in FEL-1 line in high-gain harmonic generation mode

O Intensity and spectral purity comparable to the ones in the no

Vertical dimension (arb. unit)

25,15 25.8 25.85 259 25.95 26

A (nm)
G. Penco et al.

26.05

1500

1000

500

FEL pulse energy (uJ)

10

10

2

ACtiVitieS at FERMI @ Elettra q Elettra Sincrotrone Trieste

1200

06
04l Measured | o0
021 <1800
<
& of 1600 &
ks £
8
02F 4400
-0.4f =200
0.6 : : ; i 0
-1 -0.8 -0.6 -0.4 -0.2 0.2 0.4 0.6 0.8
time (ps)
minal conditions.
Exponential growth of the FEL
pulse energy versus the number of
resonant radiators:|final energy
per pulse of about 80 pJ
> 3 4 5 6

# radiators
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(== Activities at FERMI@Elettra q Cetra Sncroone Trese

Experiment using passive dielectric-lined waveguides installed downstream BC1

1

Wake function (multi-
mode regime)

o
n

]

G(s) [MV/nC/m]
S
(9,1

'
[
T

Wake potential
1 2 3 4 5 6
s [mm] S [mm]

_.
[9)

2
o
~
IS
L
®
a b
N
S

O Alumina pipe with 20 um Cu coating (inner radius: 1.65 mm, outer radius: 2.4 mm, total length:
28.5 cm), realized by the PSl and already tested as passive streaker

O Trajectory steering to minimize the transverse wakes. Beam Optics in BC1 preserved (e, =1.35)

=1 4

DLW out

-0.6 -0.6

04 0.4

0.2 -0.2

E o 0

M . =108-120 um B o ,=107-121 um

-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 =1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
mm mm

mm

1

G. Penco et al. page 21
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ACtiVitieS at FERMI @ Elettra q Elettra Sincrotrone Trieste

O Bunch length at linac-end fixed

L We varied the compression ratio between the two stages using the RF phase in linac 1 and
linac 2 in order to tune the compression factors in BC1 and BC2, respectively

1.2

Current (kA)
o o o
S » ©

o
(S
:

—— §,4,=110deg

—— ¢y =115deg

bLor=1 22deg
—— ¢ 9y =128deg

—— ¢y =131deg| ]

o

o
N

o
»
T

©
o
:

-0.8 1

Wake Potential (MV)

G. Penco et al.

Current (arb. unit)

12000 —— ¢ oy =110deg, ¢ ,,=155deg
—_— ¢L01 =115deg, ©L02=135deg
D01 =117deg, ¢L02=115deg
10000 - —— ¢ oy =119deg, ¢ ,,=105deg
—— 6o =121deg, ¢, ,,=95deg

bLor=1 22deg, bLoo =90deg
8000 - -

6000
4000

2000

time (ps)

Beam temporal profiles measured at the linac end as a

function of ¢duand ¢uwe, keeping constant the bunch
length after BC2.
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RS Outline
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(= SwissFEL

Total length ~700 m W§ - &5 . & Athos
ol ] 4. hj ............. >

BC1 BC2 2.5-3.5 GeV )
Rf gun Linac 1 3.0 eV Aramis
Injector 330 MeV 51 Gey LHhac? Linac3  Collimator Up to 5.8GeV
Electron source Wavelength 1-50A
RF gun with Cs,Te photocathode Pulse duration 3-20fs
Undulator beamlines Sy — 5 GeV

1. Aramis: hard X-ray FEL (1-7 A). In-vacuum,
planar undulators with variable gap,
period = 15 mm

2. Athos: soft X-ray FEL (6.5-50 A). Undulators
with variable gap and full polarization
control, period =38 mm

e- beam charge 10-200 pC
Repetition rate 100 Hz

Slice emittance 200 nm (10 pC)
(expected performances) 300 nm (200 pC)

Slice energy spread 250-350 keV

Saturation length <50m

[ Construction started in 2013

 Commissioning started in Jul 2016

 Pilot experiment in Aramis planned in Dec 2017

[ Athos user operation planned in 2021 Page 24
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(F=}» Beam manipulation in SwissFEL linac

Total length ~700 m . . .85, Athos
BC2 2.5-3.5 GeV “j
Rf gun Linac 1 Aramis
a-ag- (annna - CHEP Py

Injector 330 MeV 21 GeV L'nac 2 Linac3  Collimator Up to 5.8GeV

4 )
O Passively streak the beam (1-10 ps bunch length): 1 mm <A, £ 6 mm
O Test the two-color generation via wakefield excitation: A,, =1 mm

\D Alternatively linearize: A, = 6 mm p

 Remove the chirp residual from the compression: A, =2 mm

O Passively streak the beam at higher energy and shorter bunch length (~10-500 fs)

Assembly Nov 2017
Delivery Jan 2018

Operational Jul 2018

S. Bettoni et al. Page 25
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PSI Dechirper

General parameters

Gap_dechirper length: D4_Gap 1m

Corrugation design Table 3.2

Flatness over 1 m (p.t.p.) <50 ym

Material for corrugated surface AlorCu

Number of units 1

Overall system positioning (manual)

X, pitch, yaw and roll positioning Manually adjusta-
ble by survey to
within 100 um.

X minimum motion range (to select +/—=25mm

3 different pairs of dechirper)

Beam Height 1.2m

Motorized Gap and height

(in y direction)

Y gap range 1t0 20 mm

Y minimum step for alignment <10 ym

(when going in one direction)

Height moving range +/-2mm

Y Encoder precision 1pm

Speed in gap change <1mm /s

Limit switches yes

Manually Selectable dechirper pair To test 3 different
corrugations

Number of pairs 3

Motion range in X (not motorized but +/—25mm

with tunnel access)

Struktur A | Struktur B | Struktur C
g [um] 1500 250 220
p [um] 2000 500 500
Delta [um] 1500 250 100
a [um] 1500 1250 1500

Courtesy of P. Heimgartner
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p—

B

aon

Laser c @

Ocrossing

z=17m E=130.4MeV. =20 A
0z= 871pm (2.9 ps)

Heater

100MVIm  2x4m) (4
51 from 141 H im

S
)

:1=0.4m

24¢

) 0.75 m)
15MVim  15MVim
+176°

Dechirping for Athos line

80m
330MeV, 154 A

Rz =-20.7mm
©=215°
=057 %

210m

/

21GeV 3 KA

273 m
3.0GeV
05=0.34 %

Iniial hirp
—
-4
2.5.3.4 GeV, 3 KA "
389 m = et
i, 7
Energytuni < o
Cband (8x 2m &
max 28.5MVim, 0°
. f) et
——— w0 o o
=t = ime-t, (pS)
SWI]I) I Yo ..
Collimation Aramis Undulators 965 \->
,,,,,,,,,,,,, 12x4m; gap3.2- 55 mm -
Cband (52x 2 m) A;=15mm; K=1.2; L= 58 /
o a75 L
LI NEASC 3 558 m Sam //
500 m < s L
2.1-58 GeV, 3 kA 50 7
o5
aso] Y
o R T 0%

O Aramis line 2 we compensate for the residual energy chirp at the Aramis line with the
wakefield of LINAC 3

L Athos line = we have a residual chirp of 1.1% at 3 GeV (and 0.7% in the new lattice)
L Beam parameters: energy 3 GeV, FW bunch length 50um, peak current 3 kA, relative
energy chirp 1.1 %- 0. 7%

Initial chirp

Ap/p, (%)

1%

S. Bettoni et al.

-0.03

-0.02

-0.01

time-to0 (ps)

0.01

0.02

0.03

0.04

0.5

Ap/p, (%)

Few tenths %

-0.02 0 0.02 0.04

time-t, (ps)

0.06

0.08

0.1
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Solution for Athos line

00
SATSY02-MBND2
SATSY02-DBPM210
SATSY02:MQUA230
SATSY03-MQUAOTO
SATSY03-DBPMO30
SATSY03-MQUA040
SATSY03-DBPMOGO
SATSYO03-MQUAOTO
SATSY03-DBPMO90
SATSY03-MQUA100
SATSY03-DBPM1
TSY03-MQUA
S ATev03 DALAT
SATCLOA-MBNC

Total available length ~ 8 m

=

=

Fixed Structure D1

Fixed Structure D2

Variable gap Variable slit
Fixed Structure D3 _
D4gap D4slit
L/"' gv"' gv =.
< 2 m > < 2 m > <

> —>
2m

—>
1m
0 3 modules 2-m long each, corrugated and square section 2.5 mm x 2.5 mm (fixed)

0 2 modules (H and V) 1-m long each: variable gap (1-20 mm)
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()= Two-Color Beam Generation

Courtesy P. Emma

AEVE AEE AEE
under-
compression
——— An z z
I-— !V
G,

A well known and used way to compress the beam is to impose a R ‘ C“‘°7/—\
(time,energy) correlation and to use the energy dependence of the ' V4N
trajectory in a dispersive section (typically chicane, dogleg). L V=Yainon | [ 52" 2arEE

[ RF Accelerating [ Path Length-Energy
Voltage | Dependent Beamline

L Superimpose a (time,energy) correlation at two locations along the beam using a longitudinal
wakefield on top of the nominal chirp
L Compress the beam using the downstream compression stages

x 107

6 —— Nominal i 70
—— Two-color scheme 60 |
4r 7 O What it is important is the relative
2 S0} | energy chirp, therefore better to apply
o 2 g 40} this scheme at the lowest compression
= ; t
< 0 Y >ase
= O Possible to swap the order of the sub-
5 20y - N | pulses inverting the sign of the global
10/- / K chirp
_ ) :
Y2 0 32 4 i 0 5
s (m) x 107 s (m) x 107

S. Bettoni et al. Page 29
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[(F=]J=» Start-to-end simulations

Total length ~700 m w{ D & Athos
ey 4 “j ........... o

BC1 BC2 2.5-3.5 GeV

Rf gun Linac 1 3.0 eV
i , (pampu e S
330 MeV Linac 2 Linac3  Collimator Up to 5.8GeV

Aramis

Injector 2.1 GeV
Astra LiTrack-Elegant Genesis
9
jo X 10
3500
3000 - Elegant ] ol
Genesis
2500 -
2000 . OF
2 z
~ 1500 |- S
1000 |-
7.
500 -
BT —T 0 40 80 120 0 tns, l .
Time (fs) 2 3 4 7
s (m) x 107

O Beam quality preserved = nominal SwissFEL laser power assuming the installed undulators

O Relatively easy setup
O Tunability knobs: A, changing the gap and RF phase of downstream linac

S. Bettoni et al. PR AB 19, (2016)
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(= Conclusions

O Brief history of passive structures as a Dechirper

O Passive streaking

Pros: \.\.
.\O(\

v Single shot measurement (\‘

v Self-synchronized with the beam ,a’c‘,e

v" Cheaper to manufacture and operate”’ &\(\e .ed to other existing devices
v

Potentially fs or sub-fs resol* &O(

Cons: O\)
o Necessarv* (\\@\\ -8y, charge and optics

o Tempoxs \(\a .> hot constant along the beam

o Ifrelatiorn _.ween beam at the device and beam at the screen is non-linear, inversion requires
more complicated computation

O Passive linearization of the compression process at FERMI
o an alternative for C-band or X-band injector?

O Activities at SwissFEL: dechirper 8-m long!!!
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