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New demands on synchronization system

Accelerator development from ns pulse duration to ~ 1 fs for FELS/LPWA
time scale has changed from ps to fs
accelerator facility length scale ~ 100 — 3.5km

Beam based diagnostics on arrival & pulse shape
important for automation
accelerator commissioning and sub-system debugging

Pump-probe experiments (optical laser <-> FEL beam)
knowledge on photon arrivals to one anther crucial
efficiency of experiments & dynamic range of detectors

Seeding & slicing and bunch manipulation
essential for success
opens new opportunities for FEL mode and FEL pulse control

Large scale linear colliders
synchronization demands ~ 10-100fs
but length scale ~ 30-50 km
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Scope of synchronization

Synchronization reach into many different physics/engineering
disciplines and requires wide range of technologies
Radio Frequency:

different types of oscillators (quartz, SAW, dielectric)

phase detectors / mixer / multiplier /divider

low noise amplifier / limiting amplifier / filters / direction couplers

cables / connectors / PCB design / waveguides / RF structure / LLRF / HLRF

Optics & Lasers:

laser oscillator/pulse shaping/amplification/wavelength conversion

fiber optics / fiber optics devices / opto-electronic devices / photo-detection
laser sources (DFB/harmonic mode-lock/passive & active mode)
non-linear optics / opto-mechanics / free-space optics / pump-modules

Environmental control:
temperature / humidity / air pressure / vibration / ground motion / EMI / EMC

Controls & control theory:
multiple feedbacks / PLL theory / automation / SISO / MIMO / ...

Longitudinal beam dynamics...
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Synchronization: to narrow ...

Synchronization Long. beam stabilization

> Long. e- profile need to be stabilized (photo-inj. laser/gun/multi-bunch eff.)

time jitter

> Synchronization of e- beam level of few % of s, ’

Profile changes

> Strong interest across many accelerator fields

Long. stabilization

Fast feedbacks
Parameter opt.

H. Schlarb, CERN, 14.06.2013
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Electron bunch compression in magnetic chicanes

Energy chirp + energy dependent path length
V A

f \‘ dipole 2

Accelerator

i

 d=DE/E,

~0.1...1.0%

Sg ¢ ~0.01...0.001%

H. Schlarb, CERN, 14.06.2013




Electron bunch compression in magnetic chicanes

Energy chirp + energy dependent path length
V A

k \‘ dipole 2 / dipole 3
slc e _ . :
dipole 1 ' dipole 4
long. dispersion Rsg

Accelerator

3 Sharing process

~10...1ps S ~0.01...0.001%
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Electron bunch compression in magnetic chicanes

Energy chirp + energy dependent path length
V A

k \‘ dipole 2 /

Accelerator

ct'rEole 3 )

3 Sharing process

Sg ¢ ~0.01...0.001%
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Introduction to longitudinal pulse shape control

> Investigating tolerance on bunch compression

> Linear compression at bunch center:

Detour throAugh chicane

AE(s;
°f = 5 _{[R555+T55652+-..]\ with & = #
1

M. Dohlus et al., FELO5, p.250

Compression 1 Jsy B 1
= G = 1 — Rs60'(0)< Incoming
energy chirp

Factor C C  9s;

H. Schlarb, CERN, 14.06.2013
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Introduction to longitudinal pulse shape control

> Investigating tolerance on bunch compression M. Dohlus et al., FELOS, p.250

> Linear compression at bunch center:

Detour throAugh chicane

AE(s;
Sf = 5 _![R565+T55662—|‘...]\ with 6 = E(13)
Compression 1 Jsy L O = 1
Factor C C ~  0s; "7 1 — Rs6'(0)< Incoming

energy chirp

> Compression dependence on errors:
oC 2T555 OF 5}3’] For C-shaped chicane

a — o (O] = ]‘) [ R56 E]_ —l_ Ei T566 » '15 R56

>
ok
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Introduction to longitudinal pulse shape control

> Investigating tolerance on bunch compression M. Dohlus et al., FELOS, p.250

> Linear compression at bunch center:

Detour throAugh chicane

AE(s;
Sf = 8 _{[REE§+T56652—|—-.-]\ with 6 = E(lsj
Compression 1~ sy = O = L . | s
Factor C > ds; 1 — Rs66'(0) Incoming

energy chirp

6C Tw'0E: | §E'"| For C-shaped chicane
== —ile—1] |2 : ! ! -
C =T [ RaﬁiEL_J+LEi] Tses > 15 Res
> Two contributions: Energy Chirp

IfEq <<E,and Ej<<E," 6..35.4 \
oC' 1 oVi
— = —(C;—1 tan(o 0Py — Otin:) +4—
C, (Ch ) [( an(¢;) + tan(gbl)) (01 — wrF )+ 7

\ J \
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—_ Tolerance  Compression Phase & arrival Amplitude
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Introduction to longitudinal pulse shape control

> Investigating tolerance on bunch compression M. Dohlus et al., FELOS, p.250

> Linear compression at bunch center:

Detour throAugh chicane

AE(s;
f = S _{[R55§+T56662‘|’-..]\‘ with & = E(lsj
Compression 1 _ Osy L o = 1 _ . S:
Factor C & ds; 1 — Rss0'(0)< Incoming

energy chirp

5C T 0E | (§E"] For C-shaped chicane
— = —(Oy—1) |2 — : i}
C]_ ( 1 ) [ R56 E:El_j—l_i__gi E T566 » 15 R56
> Two contributions: Energy Chirp
If EO << El and EO‘<< El‘ l 6...3x5 ..4 ‘
6oC' 1 o]
— = —(C;—-1 3tan(o 0p; — WrpOt:) + 44—
G (1 )[( ('1)+tan(¢l))(¢'l rpStins) + 4
\ J \
. lolerance  Compression Phase & arrival  Amplitude

- Example: C=100, dI/I<10%  f» 0.014° and dV/V » 2.5e-4
multi-staged compression
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Sources of timing jitter in short-pulse accelerator S

Arrival time jitter at undulator / plasma cell (sing le stage)

bunch o Undulator/
RF gun Accelerator compressor Malin Linac Plasma cell
) L
Alf &
Photo-cathode Seed Pump-probe
laser laser laser
3 S s
L1 "H#$
%&' %& ! o (( "#P "#$
o)) e - -.$ $
%& ' - .5 - .5
2 z : = compression
2 2
/ s — (Bs)" o (C=1)" % . (1) 5o | factor
) 01 7 V2 O w2 C t.i
“ ] rf C~5...20
| —— N— ~— _ ~
XFEL: 3.3 ps/% 2 ps/deg _
R;,=180mm FLASH: 5.5ps/% L -band gfg’opS/pS

Cohtrol of timing jitter: fs-synchronization & RF controls & Beam based FB
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Sources of timing jitter in accelerator

Several compressor stages

RF gun Accelerator BC1 Accelerator BC2 Main Linac

AT Rsg1/Eq T Alf, R56,2/E2T

Case 0: Ey <« Ey and Ej < E]
2 2 2
EE] = (Rm) 'J%g T (01_ 1) 'U_% + (i) 'E?n
3 Cﬂ -[/’:1 C] w‘?"f C] !

Case 1: E, < E, and E| < E}: Recursive case 0

___________ ie
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\
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Sources of timing jitter in accelerator

Several compressor stages

Accelerator

RF gun BC1 Accelerator BC2 Main Linac
AT Rsg1/Eq T Alf, Rsg o/E T
dE/E 5
Case 0: Ey < E, and Ej < F] 4 |
5 |
2 : 2 2 2 |
- () (5 (2
’ o Vi ¢ We'r & © 0
_1 [
2
Case 1: E; < E, and E} < E): Recursive case 0 i i
5

/ \
y2  _ [ Bse2 ‘of, 1/Cy—1\*a3, | 1)’
=\ ) N\q )T \C
0 2 I 2 rf 2
\

H. Schlarb, CERN, 14.06.2013
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Remark: long. wakefields helps to remove zIs,
energy chirp from first accelerator section
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Sources of timing jitter in accelerator

Several compressor stages

RF gun Accelerator BC1 Accelerator BC2 Main Linac
AT Rsg1/Eq T Alf, Rsg o/E T
dE/E 5 —
Case 0: Ey < E, and Ej < F] 4 |
3 |
¢ 2 2 2 |
¥ R -U%’1+ Sy .U_fzf;i_i_ LV y2oqy
P e L,rlg C] wff C] t,0 0
-1/
-2
Case 1: E; < Ep and E{ < E}:  Recursive case 0 j ,
-5

2 .2
3 I Rs.ﬁ.,z: Oy,
t2 co VEE Remark: long. wakefields helps to remove

2
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I+ 5 Etl . : zls,
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Low Level RF Controls

LLRF developments
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Low Level RF Controls of SRF cavities
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Pushing RF field detectors to its limits

RF receiver developments & noise limitations

Noise balanced (LO/Front-end/ADC) Resolution: Factor of 5 improved
fwwww% prlmarlly by ADC |mprovements
AVIVIVIVIVIVIVIVAVE :
‘ Single Channel Receiver 7ol A/A O 003%
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RF control of long RF pulses (SRF)

> MTCA.4 Shelf: FLASH/E-XFEL > Keeping cables short

ACC23 LLRF racks 16341

ACC23.in accelerator-tunnel
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RF control of long RF pulses (SRF)

> MTCA.4 Shelf: FLASH/E-XFEL > Keeping cables short

ACC23 LLRF racks

ACC23.in accelerator-tunnel
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‘(\3 e.tv (SR-3DBC2) > New features obs.

2011-09-15T013652-dEE-ACC1-3BC2; T = 0; f =1.00 MHz
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LLRF Controls NRF / Synchronizaton — Update REGAE — 21

Support for ARD-ST4: LAOLA@REGAE

Sketch of LLRF & laser synchronization at REGAE Learning Feed Forward now implemented
-w LFF adaptation steps
065+
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RF control of short RF pulses (NRF)

> For RF pulse duration ~ 2-3 us

RF System @ SACLA

Unit length =4 m, 125 MeV acceleration

1.8 m x 35 MV/m =63 MeV

no intra-pulse FB possible &

feed forward control define RF stability ~—

70 MW

> Main factors: o
LLRF drive signal

RF reference / PLL Compressor
IQ modulator (vector modulator)
Preamplifier

Temperature stability acc. Structure < 0.01K
Stability of HV modulator

> Feedback applied Pulse-to-Pulse
Using For/Ref/Probe signal to remove
temp. drifts of cavities/waveguides..
Multi-cavities  vector sum control

Choke-Mode Type
Accelerating Structure .

35 MW T
25us
-320 kV
290 A
60 pps
Compact
Modulator

3dB Coupler

70 MW
[ 0.5 ps

Waveguide
WR-187

Dummy Load

per 4 unint

e
—
RF-BPM
Q-Magnet
—

Master RF Line
Trigger Line

AC Power Line

LLRF

1Q modulator

30420 V

Transformer Thyratron  pgN
1:16 0.47 uF

T. Inagaki, IPAC11, MOPCO018

Charging Voltage (48 kV) Charging Voltage
. th . ! (offset, zoom)
T. Ohshima, 8™ Annual. ACC Society of Japan b~ s i [ Silairhie ] > :
Tolerance Measurement ‘ current current ! el _
Voltage Phase Voltage Phase dV/V~3)g_O'4 s sy \ ot i |//' 4 - i ; .l'
238 M SHB 0.01 % 0.01° 0.010 % 0.006° df o j [¥ [\
476 M Booster 0.01 % 0.02° 0.004 % 0.009° = O 0 03 i \ 1 s
LB Correction 0.03 % 0.06° 0.02 % 0.02° 3 & P :
., .. g it B WA T
L-B APS acc. 1 0.01 % 0.06 0.06 % 0.03 16.7 ms (60 pps] w4
ke L 1 A o h
, L-BAPSacc.2 001% 0.06° 0.03 % 0.05° : e g R, o M Lpmsae o
|I C-B Correction 0.2 % 0.06° 0.06 % 0.05° Stability (Std. Dev.)
\ SBlacc. 1 0.01 % 0.1° 0.04 % 0.03° 64 uV/9.6 V=7 ppm
CBO01-1 acc.1 0.01 % 02" 0.05 % 0.03° arb, CERN, 14.06.2013




Synchronization
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Synchronization - Reference distribution schemes ...

Various approaches: Dt £f>_f

o _ standard reflectometer interferomeger
1) RF distribution
f ~ 100MHz ...GHz -
Lo (~) WQ’ — |
\ - l MO
2) Carrier is optically r/\/\/\/\/\
A f~GHz __>I I

3) Carrier is optically + detection

f~ 200 THz —_—
Ax

T <
] -

4) Pulsed optical source

Df ~ 5 THz l I I | l l , —_—
Mode locked g | | e
Laser 1 «— | | I I ] I 1 I
X0 I ﬁHELMHOLTz

| GEMEINSCHAFT
H. Schlarb, CERN, 14.06.2013



Hybrid system for FEL facilities

RF System

/ CW optical

M

Pulsed system

/
[ E‘?g{: ﬁHELMHoLTz
\\"::" | GEMEINSCHAFT

H. Schlarb, CERN, 14.06.2013
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Layout for REGAE

-------------- e . e e .

----------------------------------------------- T S T |

Refl Output
| drlft j . | |
X 50 reductlon 10ps >200fs pkpk
X 500 can be achleved |

-100

Laser hutch Il
Di

LASER Il

N

RF reference line
f=2.9975 GHz

Laser hutch | Dir. Coupler 1

n

A 4

LASER |
Laser IS
15 |

r
2 || High I
power |}
Ampl. |}
= 40dBm ||

I LLRFRACK 1 I;

2 4 10 12 14

Tlme [h]

Main issues:

» Isolation (coupler)
» Parasitic reflection ed cullerton, FNAL
* Limited distance

o Careful adjustment (A&f)

Inst. End 2013

Same scheme will be
implemented for FLUTE@KIT!
Appropriate scheme

for small facilities




Optical synchronization system

EDFL, soliton, Di~200fs, f=216MHz
SESAM, P > 100mW,
phase noise < 5fs ( 8 1kHz)

Free space distribution

_ Narrow
Band.
............. > . = .
+ EDFA Distribution
Dispersion comp.,
Polarization contr., "%
Collinear bal. opt. <5Sfs <Gfe
Cross-cofr.

EOMs Direct/

Two color bal.

Opt. cross-corr. Seeding Interferometer
Laser pulse Arrival beam/laser =1 —
4 A A& f cavity
' I A
3. Desired point-to-point stability ~ 10 fs

Main issue: robustness, stability and maintainability ~ Prototype at FLASH

o T M. Sulialv, CERKIN, 14.U0.ZU15



Synchronization — Pulsed high performance FLASH

> Optical synchronization system FLASH I/ 1l / FLASHforward

FLASH accelerator facility & laser-based synchronisation system

laser laboratory
EO, HHG/ORS

experiment FLASH
sFLASH experimental hall

FLASH II

laser laboratory
L2RF - lock
- ‘!
L2RF - lock| [REEED )] :
_! experimental hall
' - -0 3
[L2RF - lock| [REEE
Legend - )
| i BAM Bunch Armrivaltime Monitor
- ' | | _ = | = actively stabilized fiber link EBPFM Energy Beam Position Monitor
MLO - T I — passively stable fiber (PSOF) EDFA  Erbium-Doped Fibre Amplifier
- 2 | | = external laser beam FSD Free-Space Distribution
= pickup with RF cable HHG Higher Harmonic Generation
MLO  Master Laser Oscillator
OXC  Optical Cross-Correlator
J PWA  Plasma Wakefield Acceleration |

e

> Rapid increase of tap points from 12 ® 22 in final phase

ﬁ HELMHOLTZ
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Synchronization — Pulsed high performance FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Type-ll phase-matched

PPKTP crystal

i \ i\
ST
Reflect fundamental

'”ll" ] “k!l‘
/
nsmit fundamental Transmit SHG

Reflect SHG

laser laboratory
EO, HHG/ORS

L|nk stabilization

experiment FLASH
FLASH experimental hall

. FLASH II
FLASH I Ty, A
laser laboratory S

FLASH Il
experimental hall

OFA L2RF - lock

Bo D
DFA 4 Legend
o — actively stabilized fiber link
— D . — passively stable fiber (PSSO}
— external laser beam
i bZhla . [> . = pickup with RF cable

Master Laser e }
~ 5fs phase noise —

Bunch Amivaltime Monitor
Energy Beam Paosition Monitor
EDFA Erbium-Doped Fibre Amplifier
FSD  Free-Space Distribution

HHG Higher Harmonic Generation
MLO  Master Laser Oscillator

OXC  Optical Cross-Correlator

PWA Plasma Wakefield Acceleration

diagnostic;

input slave laser
800 nm, 108 MHz
~100 fsppypm

A

l input reference

1550 nm, 216 MHz
200 fs end mirror 0

HT@8300nm FWHR

HR@1555nm N\ 4 j\

GD element Ejl

/X\_..ﬂ h h—
T —1

::l filter @ 528 nm

o

1l
iris — | =

&

detector 2 HT@528nm BBO crystal HT@528nm detector 1
reflected HR@800&1550nm HR@800&1550nm  forward




Synchronization — Pulsed high performance FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Type-ll phase-matched

PPKTP crystal

i \ i\
ST
Reflect fundamental

”ll" ] “k!l‘
/
nsmit fundamental Transmit SHG

Reflect SHG

laser laboratory
EO, HHG/ORS

L|nk stabilization

FLASH
experimental hall

experiment
sFLASH

= FLASH 1
 — laser laboratory

DFA W EDFA W EDFA Euﬁo,. “ LERFE@

FLASH Il
experimental hall

Bo B
. D . Legend s
D = gt =
. 30 T — actively stabilized fiber link &
diagnostic; @) - | ‘ — passively stable fiber (PS( ;
— external laser beam g
row bZhla [> = pickup with RF cable g /
L | R | A
Master Laser A masr| \ | ¢ | Slop ~ 60asTmV
| oscillator
S -1.0 -0.5 0.0 0.5 10

~ Sfs phase noise TiSa opt. cross-corr. ~ ors nnus™""

A

l input reference
1550 nm, 216 MHz
200 fspwhm end mirror ]

input slave laser
800 nm, 108 MHz
~100 fsppypm

E
=
HT@800nm ©
HR@1555nm N\ 4 j\ “é)
GD element Ejl o
h— h— |1
il Y

G} - — — . [} -

U A A |
detector 2 HT@528nm BBO crystal HT@528nm detector 1

reflected HR@800&1550nm HR@800&1550nm  forward




Bunch arrival time measurement using EOM

> Uses optical reference laser pulses (single shot)
15
0"}

> Used at FLASH/FERMI/PSI
al °ne

> Key exp. : two BAMs 60m distan(_:e é._;ggigna 2

(pick-up design drawing, courtesy: K. Hacker)

uncorrelated jitter .-
®' over 4300 shots?”
8.4 fs (rms)

e

reduced dependency on beam orbit

reduced dependency on bunch charge

arrival time BAM2 (ps)
o o

sensitivity in terms of
% modulation per fs timing change

-0.5 0 0.5
bunch arrival time BAM1 (ps)
arrival time jitter
%E 3 -
"‘I‘é? electro-optical modulator
.2
w
U__

reference

= correct
laser pulse

- |ate

—early 'k
A

|
T
0

timing [ps]
(relative to optical reference)

courtesy: K. Hacket, M. K. Czwalinna, F. Lohl, DESY development patented as DE 10 2011 111 114.3 , __
pN. g H. Schlarb, CERN, 14.06.2013 | ==



Bunch arrival time measurement using EOM

> Uses optical reference laser pulses (single shot)
> Used at FLASH/FERMI/PSI .

e
> Key exp. : two BAMs 60m distance  ve'cna™

> Standard diag. at FLASH

reducﬂf‘l r‘lananr‘lanr‘-u Falal |~\a')m :“\I‘I"\;f

uncorrelated jitter .-
over 4300 shots?”
8.4 fs (rms)

0.5}

redud

] [

RMS arrival jitter BaM 1UBC2
00.

arrival time BAM2 (ps)
o

Sens” bean jitter: 128 fs L -0.5
(/ arrival tine: 0.04 ps
om resolution: 9 fs
0. 10. 20. 30. 45.
Res= 1.Buf= 6 [bunch number] _05 0 05
: : : arrival time BAM1 (ps)
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Synchronization — Pulsed high performance

Locking low-noise microwave oscillator to laser (or visa versa)
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Synchronization — Pulsed high performance

Locking low-noise microwave oscillator to laser (or visa versa)

= _ B

Engineered version of L2RF-converter. Will be used for
FLASH / XFEL (1.3GHz & | =1550nm optical reference)
~ REGAE/LAOLA@REGAE/FLUTE/... (3.0GHz & | =800nm Ti:Sa laser)
|f E‘?‘sﬁ.‘* I'| ﬁHELMHDLTZ

\ n"“- / ‘ GEMEINSCHAFT
Y H. Schlarb, CERN, 14.06.2013



Synchronization — Pulsed high performance

> Pros:

Provide path to ~1 fs precision

Methods developed for electron and photon arrival times measurements
Extremely well suited to lock other lasers systems

Robust in terms of reproducibility

Closely related to frequency metrology (Mode locked lasers best timing references)
> Cons:

OXC methods require temporal overlap of laser pulses
opto-mechanics  expensive & limited reliability

Still young discipline, many unexplored effects have been found

Not suited for very large distances due to dispersion compensation

Not suited for smaller facilities or facilities with few 10fs requirements

| GEMEINSCHAFT

) ﬁHELMHDLTZ

H. Schlarb, CERN, 14.06.2013



Synchronization — CW optical system (inexpensive)

> |dee

Provide system which is suited for large scales
Remove all actuators to safe cost / improve reliability
Target: 10-50 fs precision at link costs < 10kEuro
Well suited for accelerator with many RF stations

Potential upgrade of European XFEL main linac system

H. Schlarb, CERN, 14.06.2013

ﬁ HELMHOLTZ

| GEMEINSCHAFT



Synchronization — CW optical system (inexpensive)

Appropriate scheme for large distances and facilities with mainly RF stations

XFEL upgrade of main linac
ILC/...

Scheme of the synchronization reference distribution

LLRF

1+ b Ampl.
Cavity

Tes
\ ’ H. Schlarb, CERN, 14.06.2013

R&D by:

J. Frisch, NLC

K. Czuba, TESLA
T. Naito, ILC/ERL

Renaissances:
PSI&I-TECH (SwissFEL)

Goal:

Jitter < 10 fs rms
Drift <50 fs pkpk
Costs < 10k/link (x5)
fully integrate MTCA

New:
* remove link actuator
» use fs 360deg
phase detector
» only digital correction



Synchronization — CW optical system (inexpensive)

Influence fiber length Low noise CW laser system
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Feedback systems

ﬁ HELMHOLTZ
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Fast beam based feedbacks

> Fast beam feedbacks for arrival stabilization (~usec bunch spacing)

key feature of all SRF accelerators (TP1)

_-—l BC2 BC3

ACC1

\_[ acc2 | Acca ]—/\/—[ ACC4 ]-H-[ ACC7 |—\
y
l &
y
f Af lim s SN f
L Exit of linac
ME<----------- & out-of-loop

Phase in RF-Gun Ampl. and phase ACC1&ACC39 Ampl and phase ACC23

~ FEL Users wish: 10 fs FWHM 5:\ Latencyofsyste}{ | 2@]]

A
o

Still factor 5 to go

z 5 - " Both mtra tram FB on f
_ £35r o« MIMOcontroller
> Short pulse operation: InC~ 20pC £ | ? .  Repetitive pkpk deviation < 100fs
s | e
Requires to improve BAM S ~5-DDfg 'rms
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Arrival t

Fast beam based feedbacks

Changed BBF Implementation
Cascaded Feedback:

reduced loop delay, error-weighting

increased FB bandwidth

Courtesy: S. Pfeiffer

> Qut-of-loop Arrival Measurement

~1.455 ***

‘lfiéﬁi%%ii’ ,,,,,,,,,, g . S s .

FEL user rely on BAM

I I I I I I I L

1 46'

0 5 10 15 20 25 30 35 40 45 50

Arrival time jitter reduced ~12fs (x4-5)
> 2013

improve BAM resolution

6 B )]
o O

N
o

New broad band pickups
New front-end electronics (MTCA)

Standard Deviation [fs]
w
o

20
" MTCA based LLRF system
% s 10 15 20 25 30 35 40 45 50 ﬁ HELMHOLTZ
R Bunch Number | GEMEINSCHAFT
S T H. Schiaib, CERN, 14.06.2013



Fast beam based feedbacks & optical lock of TiSa Las er

Demonstration of synchronization for FEL users experiment

Beam based feedback using Bunch Arrival Monitor & optical lock of TiSa laser

FEL pulse arrival measured with laser based THz streaking (A. Cavalieri)

H. Schlarb, CERN, 14.06.2013

Residual jitter to be
investigated
(many possible sources!)

FLASHforward

33 fsrms



Fast beam based feedbacks — next step —

-_l R56=180mm ﬂ R56=43mm ﬂ u
R56=0.8mm

2\ | BC3 =0.
ACC1 | 3d ACC2 | ACC3 ACC4 ACC7 FLASH 1
1 | | |
1
AffT ‘ = £ ? £ £

R FLASH 3 FLASH 2

FB simulation using measure data REGAE buncher

| S <

- Latency ~ 0.7us

- Actuator bandwidth:
NRF (0.5-1.0MHz)

- Mod. Power (1kW)

- No infl. on orbit

- Goal: <5fs rms

Influence of cavity coupling

FLAS
NRF F

9 X 2.5

<— REGAE

H. Schlarb, CERN;-14-06.2013




Thanks for attention



