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Longitudinal jitter sources — Generic FEL Layout —

Long/transverse beam quality & arrival time
- conventional: for low peak currents ~ 10-50A

RF gun Accelerator Undulator
!—[——] Jﬂ]]]]]]ll]]]]]]ll A
Photo-cathode Seed Pump-probe
laser laser laser

Sources are:

Photo-cathode laser pulse shape t/A

Phase of RF gun (nhon-relativistic electrons) t

First accelerator cavities (non-relativistic electrons) t/A

Seed and Pump-probe laser t

Charge fluctuation though collective effects M)

—_t: arrival time A: longitudinal change distribution
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Longitudinal jitter sources — Generic FEL Layout —

Long/transverse beam quality & arrival time
- conventional: for high peak currents ~ 500 - 20000 A

bunch
RF gun Accelerator compressor Main Linac Undulator
Photo-cathode Seed Pump-probe
laser laser laser
Sources are:
Photo-cathode laser pulse shape t/A
Phase of RF gun (nhon-relativistic electrons) t
First accelerator cavities (non-relativistic electrons) t/A
Seed and Pump-probe laser t
Accelerator prior to bunch compressor t/A
Charge fluctuation though collective effects M)
—t: arrival time A: longitudinal change distribution
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Tolerances on RF stability: ... what will be required?

Energy chirp + energy dependent path length
V A

f : dipole 2 / dipole 3

long. dispersion Rsg

Accelerator

Sharing process

Ge s ~0.01...0.001%

~100...

L ]
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Tolerances on RF stability: ... what will be required?
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Tolerances on RF stability: ... what will be required?

If Eg << E;and Ey'<<E," | 6..3.5..4 |
oC 1 5V,
— = —(C;—1)[(3tan Sy — wppdty,;) +4—
C (¢ 1 — 1) [( (¢1) + tan(u;aﬁl)) (001 — WrFOLini) + 7
| ! T 1
Tolerance « Compression Phase & arrival  Amplitude
# neLmnoLtz
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Tolerances on RF stability: ... what will be required?

If Eg << E;and Ey'<<E," | 6..3.5..4 |
oC 1 5V,
— = —(C;—1)((3tan Sy — wrpdt, ;) + 4
C (¢ 1 — 1) [( (¢1) + tan(n;a’n)) (001 — WrFOLini) + 7
| \ J \
Tolerance & Compression Phase & arrival  Amplitude

Example: C=100, dI/I<10% = ¢=0.014° and dV/V = 2.5e-4
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Tolerances on RF stability: ... what will be required?

If Eg << E;and Ey'<<E," | 6..3.5..4 |
oC 1 5V,
— = —(C;—1) || 3tan(¢ Sy — wrpdt, ;) + 4
C (¢ 1 —1) [( (1) + tan(gél)) (001 — WrFOLini) + 7
| \ J \
Tolerance & Compression Phase & arrival  Amplitude

Example: C=100, dI/I<10% = ¢=0.014° and dV/V = 2.5e-4

R \? o2 C—1\* o? 1)\?
2 o 56 YW T - .y2
% - (3 % () w:ff*(c) o

\ J \ ] \

! .
Ampfitude Phase Arrival
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Tolerances on RF stability: ... what will be required?

oW

o\

ESY

&%

If Ey << E, and Eg'<< E;* _ 6..3.5.4 |
oC 1 oV,
- = — C] —1 3 tan qﬁl + ) 5(}5] — wRtht'ﬂi —|—4:—
5 = @ (30 + ) )+
| \ J \
Tolerance o« Compression Phase & arrival Amvplitude
Example: C=100, dI/I<10% = ¢=0.014° and dV/V = 2.5e-4
2 2 2 2
w - () () 2-@) =
-‘ Co Vi C Wiy C ‘-
{ ] { " ] I N
Ampfitude Phase Arrival
Example:10fs, C>>1,R;,~0.10m = ¢=~0.005° L-band and dV/V = 3e-5
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Tolerances on RF stability: ... what will be required?

> Impacts the peak current / longitudinal beam profile

If Ey << E, and Eg'<< E;* _ 6..3.5.4 |
oC | oV
— = —(C; -1 3tan(o,) + 0@ — WRpFOtin:) + 44—
6 = @ )| (Btanen + s ) (50n = wnrbtin) +4%;
| \ J \
Tolerance o« Compression Phase & arrival Amvplitude

Example: C=100, dI/I<10% = ¢=0.014° and dV/V = 2.5e-4
> Arrival time jitter:

V2o @ g.izrl_F ¢—-1 E_Jg}l_'_ 1 E_Ez_
t.f e ‘[/'12 C ‘:‘-’-Ef C t.i
I T I ] I

! .
Amp{itude Phase Arrival
Example:10fs, C>>1,R;,~0.10m = ¢=~0.005° L-band and dV/V = 3e-5

> Mitigation: through multi-staged compression, but this adds cost
> Coupling: between (At;, C, E) as function of (V, ¢, At,)

> Significant complexity added: Harmonic cavity / Laser pulse shaping
r/gg;x\] # veLmnovrz
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Longitudinal Diagnhostics

Arrival timing
&
Compression
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Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

FLASH accelerator facility & laser-based synchronisation system

laser laborato
EO, HHG/OR

experiment FLASH
sFLASH experimental hall

L2RF - lock

IL1 laser OXC

IL2 laser & OxC [
IL3 laser M[ey(e] |

FLASH Il
I laser laboratory
\ A
SO L2RF - lock| (Esas A
DCINR PWA
DFA ) L2RF - lock| HEEES FLASH II
| experimental hall
X R
L2RF - lock| [MEEES
Legend o )
BAM  Bunch Armivaltime Monitor
— actively stabilized fiber link EBPM Energy Beam Position Monitor
diagnostics — passively stable fiber (PSOF)  EDFA  Erbium-Doped Fibre Amplifier
— gxternal laser beam FSD Free-Space Distribution
narrow bZhla = pickup with RF cable HHG  Higher Harmonic Generation
MLO  Master Laser Oscillator
RF master OXC  Optical Cross-Correlator
oscillator PWA  Plasma Wakefield Acceleration




Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Master Laser
~ 5fs phase noise

FLASH accelerator facility & laser-based synchronisation system

IL1 laser OXC

IL2 laser OXC
IL3 laser OXC] |

PLL
rrow band

RF master
oscillator

—— > B
5
>

!

laser laborato
EO, HHG/OR

experiment
sFLASH

[L2RF - lock]

FLASH
experimental hall

L2RF -

FLASH Il
laser laboratory

[T sceo-

L2RF - lock| [EEEES
PWA

laser

L2RF - lock

Legend

— actively stabilized fiber link
— passively stable fiber (PSOF)
— external laser beam

-= pickup with RF cable

BAM
EBPM
EDFA
FSD
HHG
MLO
OXC
PWA

FLASH Il
experimental hall
[oxc|_ =3
L2RF - lock| [MEEES

Bunch Arrivaltime Monitor
Energy Beam Position Monitor
Erbium-Doped Fibre Amplifier
Free-Space Distribution

Higher Harmonic Generation

Master Laser Oscillator

Optical Cross-Correlator
Plasma Wakefield Acceleration




Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

FLASH accelerator facility & laser-based synchronisation system

laser laborato
EO, HHG/OR

experiment FLASH
[L2RF - lock] SFLASH experimental hall

L2RF -

IL1 laser OXC

L2 laser =24 OXC
IL3 laser OXC |
FLASH Il
I  — ~ laser laboratory
Link [OxC|_ [ATE
Bo Bo Bo Bo Box L2RF - lock| BECg
A PWA FLASH I
A A A A L2RF - \
) ) D D EDFA Es experimental hall
DFy W Link [oxc]_ g

Box L2RF - lock| [MEEES

Legend o .

D BAM  Bunch Armivaltime Monitor
D — actively stabilized fiber link EBPM Energy Beam Position Monitor
diagnostic; O |:| — passively stable fiber (PSOF)  EDFA  Erbium-Doped Fibre Amplifier
— gxternal laser beam FSD Free-Space Distribution
i)F‘L_Ia = pickup with RF cable HHG Higher Harmonic Generation
M aste r Lase r frow ban |:| MLO  Master Laser Oscillator
RF master OXC  Optical Cross-Correlator

oscillator PWA  Plasma Wakefield Acceleration

~ 5fs phase noise 5‘
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Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

FLASH accelerator facility & laser-based synchronisation system

laser laboratory
EO, HHG/ORS

experiment FLASH
[L2RF - lock] SFLASH experimental hall

L2RF -

OXC

IL2 laser OXC
IL3 laser OXC |
FLASH Il

I I ~ laser laboratory

Link [l Link [l Link L D Link [OxC]_ e

Bo ox| | Box [ B0 Box L2RF - lock| IES

A ok FLASH Il
A A A A L2RF - lock laser
) D D D EDFA' L experimental hall
L2RF - lock| [MEEES

Legend o )
BAM  Bunch Armivaltime Monitor
D — actively stabilized fiber link EBPM Energy Beam Position Monitor

D
diagnostic; 0 D |:| — passively stable fiber (PSOF) EDFA  Erbium-Doped Fibre Amplifier
— gxternal laser beam FSD Free-Space Distribution
rrow bZH& = pickup with RF cable HHG  Higher Harmonic Generation
M aster Laser D MLO  Master Laser Oscillator
RF master OXC  Optical Cross-Correlator
oscillator PWA  Plasma Wakefield Acceleration

~ 5fs phase noise
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Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Link stabilization

Master Laser
~ 5fs phase noise

FLASH accelerator facility & laser-based synchronisation system

diagnostic O

PLL
rrow band

RF master
oscillator

laser laboratory
EO, HHG/ORS

[L2RF - lock]

experiment
sFLASH

FLASH
experimental hall

FLASH I
laser laboratory
[CEE sced-
L2RF - lock| [EEEES
PWA

L2RF - lock| [HEEES

DD

DD
>
DD

Legend

— actively stabilized fiber link
— passively stable fiber (PSOF)
— external laser beam

-= pickup with RF cable

BAM
EBPM
EDFA
FSD
HHG
MLO
OXC
PWA

FLASH II
experimental hall

L2RF - lock| MEEES

Bunch Arrivaltime Monitor
Energy Beam Position Monitor
Erbium-Doped Fibre Amplifier
Free-Space Distribution

Higher Harmonic Generation
Master Laser Oscillator

Optical Cross-Correlator
Plasma Wakefield Acceleration



Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Type-ll phase-matched

PPKTP crystal
n A N
W7 17 7 7
] Reflect fundamental
nsmit fundamental Transmit SHG

! 'llf' l|"‘l|l"
/
Reflect SHG

'stem

laser laboratory
EO, HHG/ORS

FLASH
experimental hall

L|nk stabilization

experiment
sFLASH
BAM I

FLASH Il

FLASH Il
laser laboratory
[OXC]|_ [P EY
L2RF - lock| [HEES
PWA
L2RF - lock laser FLASH I
experimental hall

[Oxc|_ G
L2RF - lock| MEEES

BAM  Bunch Armivaltime Monitor

Legend

|> D — actively stabilized fiber link EBPM Energy Beam Position Monitor
diagnostic O D |:| — passively stable fiber (PSOF) EDFA  Erbium-Doped Fibre Amplifier
bPLIa D = pickup with RF cable HHG Higher Harmonic Generation
M aste r Lase r row ban |:| MLO  Master Laser Oscillator
RF master D OXC  Optical Cross-Correlator
~ 5fs phase noise

— gxternal laser beam FSD Free-Space Distribution

oscillator

PWA  Plasma Wakefield Acceleration




Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Type-ll phase-matched

PPKTP crystal
n A N
77T
] Reflect fundamental
nsmit fundamental Transmit SHG

! 'llf' l|"‘lll"
/
Reflect SHG

'stem

laser laboratory
EO, HHG/ORS

Link stabilization

FLASH
experimental hall

experiment
sFLASH

FLASH Il

FLASH Il
~ laser laboratory
NEEEE S scoo- kY
Box [l Box [l Bo X L2RF - lock| [EEEES
A S FLASH I
A L2RF - lock| [REEES
) D D EDFA' L experimental hall

[Oxc|_ G
L2RF - lock| MEEES

D D Legend o _

D Bunch Arrivaltime Monitor

|> D — actively stabilized fiber link Energy Beam Position Monitor

diagnostic; 0 |:| — passively stable fiber (PSO} EDFA  Erbium-Doped Fibre Amplifier
— gxternal laser beam FSD Free-Space Distribution

Master Laser row b:::dmaster |> |:| = pickup w cable
~ 5fs phase noise

HHG Higher Harmonic Generation
MLO  Master Laser Oscillator

OXC  Optical Cross-Correlator

PWA  Plasma Wakefield Acceleration

TiSa opt. cross-corr. ~ 5fs rms

input slave laser ]\
800 nm, 108 MHz

oscillator

~100 fspyym input reference
J’ 1550 nm, 216 MHz
200 fs end mirror
HT@800nm S/ “UUTSFwhm [
HR@1555nm «— /\ A A

GD element 1 l
o~ o~
{l I\
LI 7 1
DN T s

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

]

::¢ filter @ 528 nm

==
1]
iris —|— =




Synchronization — Pulsed optically, example FLASH

> Qptical synchronization system @ FLASH using mode locked laser

Type-ll phase-matched

PPKTP crystal

7 i
A

'stem

laser laboratory
EO, HHG/ORS

L|nk stabilization

experiment FLASH
sFLASH experimental hall

] v v 4 Reflect fundamental L2RF - lock
";Tg:;"gﬂ":mal Transmit SHG i I
—— 0 FLASH
mew . I 4
L1 laser W[oxe |
L2 Iaser OXC
ileasar [OXC] | FLASH II
- - \aseFrL\ggc’;:EHOry Derime
.. g. o [ B S scod- BAT LHe LY
2 Bo Bo Box AT I 1aser HHG -
X Pwa
A EDFA L2RF - lock| [LEEES FLASH Il
experimental hall
'
L2RF - lock| [MEEES
D Legend —
|> D — actively stabilized fiber linl 2 \ ::ﬁu
diagnostic; D |:| — passively stable fiber (PS! 1 Y e A0
— external laser beam 5 ,J h)
t o bZH& = pickup with RF cable % o ﬂ‘ . 7]
Master Laser DD H T A
_ e ¢ Slop ~ 60as,mv
~ 5fs phase noise -
TiSa opt. cross-corr. ~ 55 rmMs.cue. °

input slave laser ]\
800 nm, 108 MHz
~100 fs, input reference
PV v o nm, 216 MHz e
200 fs end mirror =
HT@800nm S/ “UUTSFwhm [ o
'e]
HR@1555nm «— /\ A A o
GD element [ l E
=
/k\”‘ /Ji\ e A=
L 1 ) L
g aHH e -
l: A ‘_jk\ - IX\ 2
]
\ detector 2 HT@528nm BBO crystal HT@528nm detector 1
reflected HR@800&1550nm HR@800&1550nm  forward




Synchronization — Pulsed optical, arrival monitor

> Uses optical reference laser pulses (single shot)
> Used at FLASH/FERMI/PSI _al®
> Key exp. : two BAMs 60m distance

> Standard diag. at FLASH

reduced dependency on beam orbit

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

o

reduced dependency on bunch charge

S
(&)}

sensitivity in terms of
% modulation per fs timing change

arrival time BAM2 (ps)
o

-0.5 0 0.5
bunch arrival ime BAM1 (ps)
arrival time jitter
h -

electro-optical modulator

pick—up
o signal [V]

—early

— correct reference
| — |ate laser pulse
i s
0 timing [ps]

(relative to optical reference)

@esy: K. Hacker, M. K. Czwalinna, F. Lohl, DESY development patented as DE 10 2011 111 114.3 e
> H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013 T



Synchronization — Pulsed optical, arrival monitor

> Present system: <10fs resolution @ 250 pC

> New System: goal <10fs @ 20pC charge

- Increase bandwidth of monitor to ~ 40 GHz

+ bandwidth increase of front-end (MZl/cables/RF)

- Improve readout of electronics (MTCA.4 based) * «] | %
General purpose ADC 250MSPS incl. T Py (o

FMC carrier

1ok

PD/clock circ.

Ly

\'
............................
L] L]
1 1
H H
H FMC |1
H B h [
i H
L] L]

>
ADCT | t

FPGA
ADC2 |
;l FMC :: n 55000 Oscillosatfsn(::a ] 0.3
= 50000 -
. : i 45000 |-
(a) Prototype FMC carrier (b) Prototype FMC mezzanine with ADCs :._E 40000 -
B DAMC-FMC25 DEMC-BAM 3 0]
//i-‘-:’\ ) ! . § 30000 |
| DESY ) Paper on this conference: THPPC140 2 |
h" 2 10 1 2 3 4
&!_/ H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. Time [ns]




> Based on coherent emission of Far-IR radiation

>

>

>

>

Bunch compression monitor (BCM)

lPhase scan
Coh. spectral intensity Form-factor 0l < Sioloion
coh N2 IF.(\ Fi()\) — wiz/A d- =Y
I\ = [F1(A)] 1(A) _OOPJ(Z)G Z _;LO( :1
E[JA- -1'1
Radiation process: CSR/CER/CDR/CTR/CGR e / ’* -
Detectors: Pyro / 0.1-1THz Photo-detectors —_ .~
RF phase (deg)
Single detector arrangement provides estimate on o, Pyro-element

Typically cross-calibration with deflecting cav. required!

Problem: pulse shape variation not detected!

Diff. radiation

INFN / S. Wesch et al.,

DR radiator

electron beam
- -

Arrangement at FLASH (Coh. Diff.)

LiTaO3 (2mm x 2mm x 27 um)

switch
mirror

pyro

. o
polarizer +

linear éshaping
amplifier | amplifier

ADC
>— L
pre - inside
amplifier tunnel | hutch
= <ADC

C. Behrens et al., IPAC10, MOPD090



Feedbacks
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Linear Accelerators at DESY in Hamburg

European XFEL — currently under construction

:InjeCtor 1 3rd qu. : Iniec-tor Booster
: RE Section : Linac Linac
1 1
! ! BC2
. & ' A2 H A3 K A4 )-/_\-g
Main Linac (Total: 21 RF stations) Undulator
(a5 (a6 (A7 )= =—(Ca23 J—{_a24 J={ 225 e

3.5 km

A
A 4

FLASH —in operation (test bench for XFEL)

ACC45 ACC67

| === e e S| __ACC4S ____ACCOT_
AcczIACC3)-/\/-(ACC4XACCSXA006XACC7 AN Undulator

Blue box: arrival time and compression feedback

’._" 1 350 m rﬁ

lk ?E‘S;/l | GEMEINSCHAFT

H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



System Overview — FLASH and XFEL

Vector- Gp(z i
Master modulator Klvstr r(2) RF Field
oscillator ystron Waveouide

@_, % g /Q control
1.3GHz Cryomodule
1.3GHz
% % Fieldprobe
1.3 GHz 1.3 GHz
= = dr dE o —®
“ IF || i
= Learning |=
ur | uQ = Feedforward |=

iFeedforward
' FF,
L= —® .
: FFy ~ (P~
! e . yr (8]
i Controller |- - @:
i Clz) |- 2 O—
i LLRF Controller Setpoint

\:--_.-/I H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



System Overview — FLASH and XFEL

Field | o 1 5 2400 Bunches @ 3MHz (FLASH), _
aadent | Filline | FlaeTop _, _Dewy 5700 unches @ 4.5MHz (xFEL)| ~ RE Field
[MV/m] ! Beam | Beam
I 10 Hz mode
ol | . I/Q control
Field Al :
phase ! .
[deg] ! Pulsed operation
10 + | 10 Hz
! 2ms pulse length
l (Filling, Flattop
{ —i - and Decay)
0.66 m 1.46 m 0.1 Time [s]
— Learning |=— [clock (@ clock
uy | uQ =| Feedforward |= 7o Eﬁ 7 é
| N - . FPGA |
Feedforward [b a] Calibration (h a] ]
: FF ¥ | l
i ‘:f @ > i
VL FR ~(P= :
! B o yr Y0 5
: Controller |- - ()= :
= Clz) |- O- :
i €0) - . . :
{ LLRF Controller Setpoint[[/5 |
.tlj-"-i"-""""'"""'--"""""'""'""""""'"""--------'"""""""-------"u'._'.r'.l ........ -—iFT
\u.!./f H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



System Overview — FLASH and XFEL

Field | .. ? 2400 Bunches @ 3MHz (FLASH), .

dent | Filve | PTor D 2700 Bunches @ 4.5MHz (xFEL)|  RE Field
: Beam I 10 Hz mode Beam

=1 | 1/Q control

e e |

[deg] : Pulsed operation
I 10 Hz

-10 = T
! 2ms pulse length
l (Filling, Flattop
' { —i - and Decay)
0.66 m 1.46 m 0.1 Time [s]

= Learning |= lock (W lock
uy uQ =~ Feedforward *-T C?: Eﬁ %@

Several feedbacks with different time scales involved:

e Learn feed forwards ~100 mHz RF meas. > FF drive  Beam -> SP shape
» Slow feedback ~1Hz Beam - SP

» Fast feedback ~ 30kHz/100kHz  RF meas. > RF drive Beam —-> RF drive
o Ultra-fast ~ 500 kHz Beam - NRF drive

+ parameter optimization to keep optimum feedback operation points

Poster on Global FB:




System Overview — FLASH and XFEL

Vector- Gp(z) Bunch Arrival Time
Master modulator Bunch Compression

- Klystron
oscillator
- Waveguide
> g Gl
Cryomodule

1.3GHz " ||BAM BCM

1

! ......
|
.

-

@) @)

A 2 —g | Ca||c

i IF

=~ Learning
—~ e clock

L] g > Hredonan ) T N
E a -b a -b FPGA E
iFeedf{)rward (h aJ Calibration (b a] i
: . [ v
= O - 4 Inputs
[ Ry — 2 Outputs
! ey T ‘y@ i
. Controller (—)= !
5 C(2) - O ;
i LLRF Controller Setpoint|[/5re : :
L T e T e e EEEEEEELEL T CE SN IAFT

\Ju-_./“ H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



Bunch Arrival Time and Bunch Compression Feedback

Possibilities of beam-based feedback (not complete)

1) Set-Point Adaptation 3) RF field and beam error combination
}Jf/ I- - ' i E "B -85 — ce) — ! - :---E
ur 1G() 'S TR
. . ‘ a :G(Z):
S8 Ao €EB = YB 1 1 [ 1
BBF “‘_:___: ys 1 :
2) Extended Controller 1) Good if latency of beam-based signals
Is larger than the latency for RF field signals
. or - [M...Modulation,
- o | 1 u g BBF...maps beam errors to RF-field errors]
S EG E 2) Good if the dynamic behavior for the
= : (Z): beam-based signals and RF field signals
ys 11 differs
[’/E;?SG:\'] 3) Good if the latency of signals are equal

\ ‘l/ | GEMEINSCHAFT
i H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



Bunch Arrival Time and Bunch Compression Feedback

Possibilities of beam-based feedback (not complete)

1) Set-Point Adaptation 3) RF field and beam error combination
Uppg
rF er UuprE
— s (=) | ! — 1 T (g\ uc § u ===
1 I C(z) |
] 1 €B ] 1
o e N— Lo
1 1
S | yr 1G(2)!
[ | 1 [ | 1
- w1
| [ |
2) Extended Controller Final implementation at FLASH (simplified)
upp e
rE eF upp - ei b , M Sy C@z) o l . : :
o | o e 7 L
C(z) o—>1 i L
rs | B [ [ ) ! !
- L Ll 1 G(2) 1
yr : G(Z) : 24 Ao - Aty, AC Um : :
Gp 1 1
1 1 1 1
yp 1 1 1 1
A 1 1 1
[ [ | Ur-4¥q  Ur gy 1
— |____I
r’/E‘E‘s,E\' i HELMHOLTZ
'x,-f"l/'l | GEMEINSCHAFT
i H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



Ultra-Fast beam based feedbacks

> Large bunch spacing at FLASH (~ us) allow for intra-bunch feedbacks

M Ad BCM 0

mE

Phase in RF-Gun Ampl. and phase ACC1&ACC39 Ampl and phase ACC23
50 bunches with bunch repetition rate of 500 kHz

H

BC2 v BC3
’—EE ACC2 | ACC3 ]—/\/—[ ACC4 ]-H-[ ACCT ——
i % \l/ Toroid $$

70_|Systém|_éten(|;y __________ ' ______________ ' _____________ ' __________ ——BAM1T]| 1 = Bunchrep. Rate:
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Fast beam based feedbacks & optical lock of TiSa Laser
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> 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)

Measuring the jitter at the experiment

-

IR-Vector potential

Ap(r,t) = e A(rt)

Nature Photonics 6, 852-857 (2012))

XUV-intensity

Actual jitter between laser and XUV
at the experiment (fall 2012)
- Standard operation: 80-90 fs rms

« Optical cross corr
+ BAM feedback : ~ 30 fs rms

I| In’
f
' e
Stefan Dilisterer | LAC 2013 | 17.1.2013 | Page 12 A
i 15 2 /.‘i

: 0 05
set delay (ps)

kinetic energy (eV)

-2 ~-15 -1 -05

To wser experiment
with measured
timing & FEL profile

150
33 fs rms
E 100
5
2
5 s
O__.-.-." .
-100 -50 0 50 100
arrival time (fs)

Residual jitter to be
investigated
(many possible sources!)

S. Schulz, SPIE13 oL1z

| v NSCHAFT

M. SCIAdIY, UEDT, ILALEFULD 2ULS, Odil Fldlitisuu, canluiig, uct. 11. 2013



Fast beam based feedbacks — next step — ” EUCARD
g

WP13: 2013-2016

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

AccC1 BC2 ACC2 I ACC3 RS ACC4 ACC7

4 AT(P ‘l' ‘l'
L LRF] @ m m FLASH3  FLASH 2

FB simulation usmgj measure data

Typlcal Arival Time asurement

FLASH 1

150 i I i i i

a il 100 150 2m 0 ge-
f .=215Hz
Blue: Bunch train with BBF on SC cavity - ACC1 t =2us
Red: Bunch lrain with BBF on NG cavity after ACCH
oo - . . ! T 15-25bunche
25fs rms

o/ ' “‘p qri:n > wl___l.h “ J \ _. ' Y
Wﬂu’ ,tw"""' oy m.” 4

L. . ok Li NC:

f, . =500kHz

= Tus ﬁHELMHOLTZ

2-3 bunche
10fs rms | GEMEINSCHAFT

a 5 100 150 200 250 310 3, San Francisco, California, Oct. 11. 2013
Time in ps



https://eucard.web.cern.ch/EuCARD/index.html

Fast beam based feedbacks — next step — ” EUCARL
e ——
NRF cavity WP13: 2013-2016

R56=180mm R56=43mm ﬂ ﬂ
R56=0.8mm
ACC2 I ACC3 BC3 ACC4 ACC7

o ,,,L ca

FB simulation usmgj measure data

Typlcal Arival Time asurement

FLASH 1

150 i I i i i

a il 100 150 2m 0 ge-
f .=215Hz
Blue: Bunch train with BBF on SC cavity - ACC1 t =2us
Red: Bunch lrain with BBF on NG cavity after ACCH
oo - . . ! T 15-25bunche
25fs rms

o/ ' “‘p qri:n > wl___l.h “ J \ _. ' Y
Wﬂu’ ,tw"""' oy m.” 4

L. . ok Li NC:

f, . =500kHz

= Tus ﬁHELMHOLTZ

2-3 bunche
10fs rms | GEMEINSCHAFT

a 5 100 150 200 250 310 3, San Francisco, California, Oct. 11. 2013
Time in ps



https://eucard.web.cern.ch/EuCARD/index.html

Fast beam based feedbacks — next step — _/EEARD
R —

R56=180mm ﬂ R56=43mm ﬂ ﬂ
R56=0.8mm
ACC2 I ACC3 BC3 ACC4 ACC7
i m( i | FLASH 3 ELASH 2

ATq, ‘l’ ‘l’
FB simulation usmg measure data REGAE bunher

Typlcal Arival Time asurement

FLASH 1

i i I
a =] 100 1680 am 250

f3 052215Hz

tD =2us
15-25bunche
25fs rms

&0 IIII F 'M‘ L, v*._i- s - r“rl" i’ x 25

Blue: Bunch train with BBF on SC cavity - ACC1
Red: Bunch lrain with BBF on NG cavity after ACCH

L. . ok Li NC:

f, . =500kHz

t =1
23 bunche ﬁHELMHDLTZ
| GEMEINSCHAFT

WM” ‘ltw """" X *_‘a n...ﬂ, ..

! i i I : 10fs rms ) ) ]
g 50 100 150 200 250 310 3, San Francisco, California, Oct. 11. 2013
Time in ps



https://eucard.web.cern.ch/EuCARD/index.html

Fast beam based feedbacks — next step —

7 EUCARD

NRF cavity

R56=180mm

R56=43mm

ACC2 I ACC3

gC3 ACC4

WP13: 2013-2016

U’ R56=0.8mm

ACC7

0
3

| |
=

FB simulation usin

Typlcal Avrrival Tlme

99

T e

measure data

asurement

REGAE buncher

i
160

am

Blue: Bunch train with BBF on SC cavity - ACC1
Red: Bunch lrain with BBF on NG cavity after ACCH

FLASH 1

FLASH 3 FLASH 2

Influence of cavity coupling

100

" T T
LWL,

I '-.Ir L

i‘!""n M

l"'ﬁql

15-25bunche
25fs rms

90|

Voltage [kV]

NC:
f. =500kHz

3dB
tD:1us

80

2-3 bunche

Buncher Cavity of Regae for FLASH Long FB (P, =1kW)

1500

1000

Bandwidth (3dB) [kHz]

(5]
o
=]

i
150
Time in ps

i
100

]
260

10fs rms .

30 3,7 San Fran

iscq



https://eucard.web.cern.ch/EuCARD/index.html

Fast beam based feedbacks — next step —

7 EUCARD

NRF cavity

R56=180mm

R56=43mm

ACC2 I ACC3 gC3

ACC4

WP13: 2013-2016

U’ R56=0.8mm

ACC7

AT‘i’ | |
=

RAE bunher

FB simulation usmgj measure data

Typlcal Arival Time asurement

i
a a0 100 160 am 2650 300 S

T FLASH 1

FLASH 3 FLASH 2

- Latency ~ 0.7us

- Actuator bandwidth:
NRF (0.5-1.0MHz)

- Mod. Power (1kW)

- No infl. on orbit

- Goal: <5fsrms

C: Influence of cavity coupling

Blue: Bunch train with BBF on SC cavity - AGG1 B o

Buncher Cavity of Regae for FLASH Long FB (P, =1kW)

Red: Bunch train with BBF on NC cauvity after AGC 1 t,=2us

. 15-25bunche
. | : 25fs rms
T T TN
'|"' B Vg eyt '1 J
MW‘FI ’f}’ W, z#m

Voltage [kV]

;:
i
X
N
o1

NC:
f. =500kHz

3dB
tD:‘Ius

2-3 bunche

=]
o

1500

1000

Bandwidth (3dB) [kHz]

500

10fs rms ) Ns 1 s
300, 3,7 Samn Francisc(

i 1 ]
a ) 100 150 20 280

Time in ps


https://eucard.web.cern.ch/EuCARD/index.html

Layout longitudinal FBs for European XFEL

ﬁ HELMHOLTZ
| GEMEINSCHAFT
H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013


Presenter
Presentation Notes
   Before you start editing the slides of your talk change to the Master Slide view:   �   Menu button “View”, Master, Slide Master:�
   Edit the following 2 items in the 1st slide:�   1)  1st row in the violet header: �       Delete the existent text and write the title of your talk into this text field�   2)  The 2 rows in the footer area: Delete the text and write the information �       regarding your talk (same as on the Title Slide) into this text field.  �
   If you want to use more partner logos position them left �   beside the DESY logo in the footer area �   Close Master View



Layout longitudinal FBs for European XFEL

BBF Clharge

BBF Osc. ' 3 feedback loops to stabilize photoinjector laser & charge
BBF BBO

T

-
-
-
-
—————
-
-
-
-
-

ﬁ HELMHOLTZ

| GEMEINSCHAFT

A~ iR
’ H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013


Presenter
Presentation Notes
   Before you start editing the slides of your talk change to the Master Slide view:   �   Menu button “View”, Master, Slide Master:�
   Edit the following 2 items in the 1st slide:�   1)  1st row in the violet header: �       Delete the existent text and write the title of your talk into this text field�   2)  The 2 rows in the footer area: Delete the text and write the information �       regarding your talk (same as on the Title Slide) into this text field.  �
   If you want to use more partner logos position them left �   beside the DESY logo in the footer area �   Close Master View



Layout longitudinal FBs for European XFEL

BBF Clharge

BBF Osc. ' 3 feedback loops to stabilize photoinjector laser & charge
BBF BBO

]—/_W-R

T

BBF Gun BBF I1 BBF L1 BBF L2

4 feedback loops to stabilize arrival times, compression, shape & energy

‘/_, ﬁHELMHOLTZ

“ | GEMEINSCHAFT
H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013


Presenter
Presentation Notes
   Before you start editing the slides of your talk change to the Master Slide view:   �   Menu button “View”, Master, Slide Master:�
   Edit the following 2 items in the 1st slide:�   1)  1st row in the violet header: �       Delete the existent text and write the title of your talk into this text field�   2)  The 2 rows in the footer area: Delete the text and write the information �       regarding your talk (same as on the Title Slide) into this text field.  �
   If you want to use more partner logos position them left �   beside the DESY logo in the footer area �   Close Master View



Layout longitudinal FBs for European XFEL

BBF Clharge

BBF Osc. ' 3 feedback loops to stabilize photoinjector laser & charge
BBF BBO

T

BBF Gun BBF I1 BBF L1 BBF L2

-
-
-
-
—————
-
-
-
-
-

R[ /ﬁ‘.\ _________
S
\
(/E‘?s%\ PEFLS 1 feedback loop to stabilize final beam energy  # weLmuoLtz

\{*¢‘ | GEMEINSCHAFT
e H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013


Presenter
Presentation Notes
   Before you start editing the slides of your talk change to the Master Slide view:   �   Menu button “View”, Master, Slide Master:�
   Edit the following 2 items in the 1st slide:�   1)  1st row in the violet header: �       Delete the existent text and write the title of your talk into this text field�   2)  The 2 rows in the footer area: Delete the text and write the information �       regarding your talk (same as on the Title Slide) into this text field.  �
   If you want to use more partner logos position them left �   beside the DESY logo in the footer area �   Close Master View



Thanks for attention

ﬁ HELMHOLTZ

| GEMEINSCHAFT
H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



Bunch compression monitor CRISP4

>Coherent radiation: bunch compression monitoring (BCM) and long. FB!
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screen
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Present state:

* Integrated THz signal (>A,) used to stabilize
ACC1 phase

» Development of single shot spectrometer (ABCM)
* Reveals importance of spectral information for
FEL operation

Next steps:

* Investigation of online, suited for macro-pulse

operation using CSR

» Compact THz spectrometer (next generation)

* Electronics allowing for readout + processing
> 1 MHz for long. feedback systems
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EDFL, soliton, At~200fs, f=216MHz
SESAM, P >100mW, = ceceeceee
phase noise < 5fs (>1kHz)
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1st to 2nd generation MTCA.4 modules

> Core modules:

Down converter 1.3GHz — IF=54Mhz
SI1S8300 10ch, 16bit, 125 MSPS
Controller V5 based

Vector modulator, 2 channel
> Digitizer = SIS8300L

= Resource limitation & communication limitation

COnvers;on

— XC6VLX130T-2FFG1156C | Section:

5 6.6 Gbps transfer rate to controller Vector Modulator (uVM) LLRF Controller (uT"’q
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First test of DWC8VM1 at REGAE@3.0GHz:

= REGAE (Relativistic Electron Gun for Atomic Exploration) :
- Electron source for time resolved diffraction experiments

| REGAE
14" Nov. 2011: |:>
first beam at REGAE

__ First test with RF intra-pulse FB
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Diagnostics developments — time domain —

fs laser

fixed
‘ delay

optical
stretcher

)

EOTD

EOTD signal
TDS signal

05 0 05 1-05 0 05 1
time [ps] time [ps]

ﬁ HELMHOLTZ
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H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



Diagnostics developments — time domain —

>Time domain longitudinal bunch profiling:

« Electro-optical technique (birefringence crystal)

» Time domain approach with stretched laser pulse +
cross-correlation in BBO for encoding (EOTD)

* Bench marked with transverse deflecting structure
— Good agreement with expectation
— Resolution 55fs rms (65 um GaP crystal)

>Collaboration: Abertey & Dundee Uni., Daresbury Lab.,
FELIX / FOM and DESY (See talk WEBAUO04)

>Next development steps:

» Robust source: mode-locked Yb-fiber laser
Atpwun<100fs (30fs has been achieved)

« Suitable for operation in acc. tunnel

» Packaging of laser: IRUVX-FP7 proposal

> in collaboration with BESSY (T. Quast)
ﬁ}{ line camera readout (1030nm, >1MHz)
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ig%ﬁ}jlnique: EO spectral or spatial
e H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013
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Diagnostics developments — time domain —

>Time domain longitudinal bunch profiling: ‘ ed |_A

delay

fs laser

« Electro-optical technique (birefringence crystal) optical

stretcher | ‘ |

» Time domain approach with stretched laser pulse +
cross-correlation in BBO for encoding (EOTD)

'___.__
| —
—

* Bench marked with transverse deflecting structure
— Good agreement with expectation % EOTD g
— Resolution 55fs rms (65 um GaP crystal) g ' § '
e =
>Collaboration: Abertey & Dundee Uni., Daresbury Lab., 05 0 05 1-05 0 05 1
FELIX / FOM and DESY (See talk WEBAUO04) time [ps] time [ps]

>Next development steps:

» Robust source: mode-locked Yb-fiber laser
Atpwun<100fs (30fs has been achieved)

« Suitable for operation in acc. tunnel
» Packaging of laser: IRUVX-FP7 proposal

. . . Courtesy: A. Winter, DESY
> in collaboration with BESSY (T. Quast) o. liday yB”kem Uni. Ankara

;;!i?lﬂlline camera readout (1030nm, >1MHz) DIPACO7:WEPBO03

/7 HELMHOLTZ

\ % /Hnique: EO spectral or spatial | GEMEINSCHAFT
e H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013



XFEL Longitudinal FBs — Overview -

OXC UV/OXC

IL1, [ = fEre =,

LLRF crate configuration:

D 1 chp 2 By omSHEAMSEAN 10
Masté sSidve g o 4
o Yo ae n= .20 L N
» Photo cathode laser:
- Synchronization
- Pulse shape
- Charge feedback
 RF gun phase
e LO/L1/L2 compression / arrival / (shape)

o L3 (last RF stations) energy feedback
« L3 (all RF stations) distributed energy gain scheduling feedback

ﬁ HELMHOLTZ
| GEMEINSCHAFT
H. Schlarb, DESY, ICALEPCS 2013, San Francisco, California, Oct. 11. 2013
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