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FEL Performance
FEL performance is determined by the peak current and the
emittance — the charge density in 6D.

Low emittance and high peak current beams are required in the
undulators, but not available at feasible electron sources.

Typically long beams are produced with low emittance and the
compressed later.
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“Non-linear” Compression

Linear Compression: Non-Linear Compression:
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Phase Space Linearisation

® Higher harmonic RF system is used to remove non-linear chirp

W 3 harmonic (3.9GHz) at XFEL and FLASH

- A1
140 AH1 1
sum voltage
120 F 1
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voltage [MV]

60 -40 -20 0 20 40
phase [deg]
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Sum Voltage
Setup of RF phase and voltages to get a certain energy chirp is
cumbersome

RF parameters can be directly calculated from the Taylor
coefficients (energy, chirp, curvature) at the beam position

voltage [MV]
=23 [ =] B

phase [deg]

Tuning one of the Taylor coefficients do not change the others,
especially the beam energy is not changed (provided that the on-
crest phases are correct)

XEEL
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Sum Voltage Effects

Chirp (mostly A1 phase):

o

Current profiles

Curvature (mostly AH1 voltage):

N A=l

Third Order “Skewness” (AH1 voltage and phase):
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Multi-Stage Compression

r, DESY, 06.2021

Too much compression at low energies will lead to space-charge
dilution of the beam

Too little compression in the early stage lead to problems with
transport of long beams

Too strong chicanes distort the beam due to synchrotron radiation

emission

=> Multi-stage compression

3d harmonic
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BCO
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BC1
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BC1
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XFEL BC Overview

Bolko Beutner, DESY, 06.2021
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1 2
S 3 /m _______ t d1
N e
B dmax
R56 Bending Bend Bend
: / e dmin max T % | B L
range | Angle Gl | ool offset d; | offset d, el | Bl
[mm] | [deg] [mm] [mm]
BCO 0 (oY |20 |38 100 200 |1 |15
BC1 20-80 igg 3 250 | 650 | 100 450 8.5 1.5
BC2 10-60 i;i_ 175 | 575 100 375 8.5 15
European %
XFEL




Bunch Compression Operation Bolko Beutner, DESY, 06.2021

Chamber Overview
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BC Collimator Control

/svn/global/MotorPanel_Expert.xml XFEL.DIAG/COLL.MOVER/COLU.192.B1/*

Motor Expert Panel Nond /svn/global/MotorPanel_Expert.xml XFEL.DIAG/COLL.MOVER/COLO.192.B1/*
e Motor Expert Panel None

_Help |

1.1
i -0.4

- facility dexi(e location
XFEL —BC1 /L2 [XFEL.DIAG B coLL movER [w|coLu.192.81 facility device location
XFEL.DIAG Jl coLLmovERr |v]|coLo.192.81 v | W/ on/oFF
1 SUBTRAIN - ALL ok
I AAAA  AAAA | AAAA Solllist-Wert ok
EBeam ONOFF 3 /.0 /. 0 Bunches POS | FPOS | Limits | Sollist-Wert

| 9 == 1y [ POS | FPOS | Limits

101 % 22707.1 MeV 101 % ST 60000000 ! ‘ ‘

(5} 248 254 [[d [ NSNS IST: 93110000
i I¥ I i i i so: $.060000660 WM swm -
1Y

AAAAAAAAAAA Stopp
Reset sow: ¥,.93110000
i Wegmessung: 18836 , AT OEEER ; Reset
i ‘ Wegmessung: 12739 ATOSEEEn
Status | Konfiguration Register | Encoder | Modbus | Pl

B | Status | Konfiguration | Register | Encoder | Modbus | Plots | Expert |
Motor fahrt/Haltestrom coil curr A1/A2: 0

Motor freigegeben coil curr B1/B2: 0 Motor fahrt/Haltestrom coil curr A1/A2: 0.00 0.00
Bereit fiir neue Verfahrbewegung Motor freigegeben coil curr B1/B2: 0.00 0.00
Fehler: 0 Bereit fiir neue Verfahrbewegung

Positiven Endschalter erreicht Fehler: 0

Negativen Endschalter erreicht Positiven Endschalter erreicht

Virtuelles Limit erreicht Negativen Endschalter erreicht

Virtuelles Limit erreicht

Set “Sollwert” and the press “start”

Move collimators to in direction O to remove them
. COLU is down “unten”, COLO is up “oben”

XFEL Overview
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LH BCO BC1 BC2
Energy 130.00 MeV [l Energy 130.00 MeV [l Energy 70000 MeV El| Energy 241874 mev [
Angle +28.50 deg El Angle 278.13 deg E Ange 275.03 deg E Ange 27281 deg H
Design: 5.7000 Design: -6.8509 Design: -2.8628 Design: -2.3857
Rss 2830 mm [ Re 25880 mm @ Reg S8 mn g R 238.61 mm [
hgc £028.9 mm L Msc 2215.5 mm [ hsc c485.8 mm I hgc 2410.2 mm n >
dt 7.19 ps I o 90. ps e e W o 61.06 ps [
Gen.field  +.0.17341 T [ Gen.fild  mbimidid: T El Gen.fied 279.2235 T [l Genfield Z7g.¢582 T H
Power supply circuit Power supply circuit Power supply circuit Power supply circuit
Class Dipole Class Dipole Class Dipole Class Dipole
PS Circuit BL.1.11 PS Circuit BB.1.11 PS Circuit BB.1.B1 PS Circuit BB.1.B2
PS On/Off PS On/Off |V Ps onjoft |V Ps onjoft
3 c || circuit write protection || circuit write protection
These Values are the design parameters, which do
. h . ® Switched on n ® Switched on n
not necessarily reflect the current configuration! oNofaut o ide oNofaut  ®ide
Magnet 1: BB.182.B1 Magnet 1: BB.393.B2
q Magnet 2: BB.191.B1 Magnet 2: BB.402.B2
Always use the current values defined by the run Magnet 3 B8.193 81 Magnet 3 B8.404 82
Magnet 4: BB.202.B1 Magnet 4: BB.413.B2

coordination (will be discussed later)

hgOTR mid position 216 mm hgOTR mid position 486 mm hgOTR mid position 411 mm
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RF Setup and Tuning

-
- XFEL_SumVoltageControl.xml XFELRF/LLRF.SUMVOLTAGE_CTRL/I1/
e

Sum Voltage Control
XFEL

| [-Tﬂ XFEL_SumVoltageControlxml XFELRF/LLRF.SUMVOLTAGE_CTRL/I1/

| [(F1 [ F12 | FT3
RF sum 1 ey _Sum Volisge It iym] _Chirp 1 ] Sum Voltage Control

Sum Voltage ié@ és .

11 [ F12 | F13 |

RF sum L1 Sum Voltage L1 [1.--_r5.]J Chirp L1
200

o 4000

S Volt: s@é sé
% um Voltage -
Curvature +3:§§ H

o 000

Al AH1.1
ié@'és . is_@s . 140.0 0o
1

39.04 MV 1545MV B g

A2.11
600
500
00 Amplitude ssé sé .
AAAA AA AAAA AA 400 .
tvvg'g . t%gggg. e protocol or ad...
0.00 deg 180.00 deg

AAAA AA.

Phase +,,0-00

0.00 deg

European . E]@
XFEL |
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Beam allowed / Shutter

SASE Gain @ XGM.2595.T6
Bunch frequency

Laser Heater

Wavelength Controls

XGM ok?
Beam OFF

Wavelength: ~ 0
10 bunches avelengis o 9

@ 9.00keV 1.38A

XGMD Overview

Timing

# SASE2 bunches
AAAAN

1y

Longitudinal FB Loops

Toroid TORA 25.11
raw averaged
02529 0.2514

1348.6 pJ

Status:
i ?
Running? SASE Viewer Undulator Controls

— Laser Aftenuatg BC2BCM.1 Chirp L2
AAAN

¢.2500

Charge/BCMs History
AAAA

aw ‘aversged
0.5067 0.4947 ‘36-931 v

BCZ Energy
raw

BCO Energy

= A1 Amplitude

g AAA AN
12609 12699  126.99 WA

BAMSs History
— Sumvoltage L2 ... CL Energy — LINAC ENERG...

averaged AAAAAT AR
Longitudinal Expert 13821.49 | |

averaged
23999 2399.8

AAAAN AN !
2400.00 ¥ 14045 14044, Energy History

Orbit FB Loops

INJ Orbit 4 .
D

IBFB Details

D Del D Details

IBFB X Wre e o ©

D etails D

Detail

S0 m @0 m @)

Details Details

IBFB'Y W Brr Ear @

Final Energies

LLRF Energy Gain

129.5 MeV
11/LH:

Beam Energy Meas. " 128.1 MeV

RF Control
RF sum 1

Sum Voltage

Sum Voltage Control

704.2 MeV
" 699.9 MeV

2421.6 MeV

14070.7 MeV
2: .
2400.1 MeV

=
14043.8 MeV

T3:14018.1 MeV

TLD 13953.5 MeV

Final Energy L3

T4 14081.8 MeV

T5: 140504 MeV T5... 14008.5 MeV

T4D 14056.9 MeV

SASE2 Undulator Launch

7.mat

=.CHIRP.SP.A

European

XFEL

18



Bunch Compression Operation Bolko Beutner, DESY, 06.2021 1 9

Compression Setup Procedure |

™ Chicane Magnet Setup

M Make sure BC dipoles are set correctly and cycled and the

reference energy of the dipoles are correct (130MeV for BCO,
700MeV for BC1, and 2400MeV for BC2)

- BCO angle | BC1angle | BC2angle | BCO Rsg BC1 Rss
[deg] [deg] [deg] [mm] [mm]
50

250pC -7.83 -3.05 -2.36

100pC -7.34 -3.05 -2.36 -43.8 -50 -30

W Set the correct optics for this bending angle is set in the machine

250pC Inj76/XX Injector (a)symetric FODO 76/XX BC2 2019

100pC Inj76/XX Injector (a)symetric FODO 76/XX BCO = -7.34 BC2 2019

====| https://confluence.desy.de/display/XFELOp/Bunch+Compression+S

european | €tUP+Procedure %
XFEL
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Compression Setup Procedure Il
W RF Setup

W Deactivate the compression feedbacks
M phase scan to set on-(anti-)crest to A1,AH1,L1,L2 to 0(180)deg

M Set the design configuration by using the Sum Voltage Knobs to

(250pC/100pC):
I T S S 7
130.0 -9.1/-9.8 270/ 265 25966 / 20000
L1 569.8 -9.1/-94
L2 1698.7 -12 /-8

The RC or an expert might suggest new values here. Alternatively
parameters from a previous good SASE delivery run might be used.

W scale the cold magnets between A1 and AH1 to the correct energy

European

XFEL

https://confluence.desy.de/display/XFELOp/Bunch+Compression+S
etup+Procedure



Bunch Compression Operation Bolko Beutner, DESY, 06.2021 21

Compression Setup Procedure Il

M confirm that beam energy is set to 130, 700, 2400MeV at |11, B1, and B2

W Check with B1D and B2D or at least with the BPMS energy server if in
hurry.

M Correct by using the sum voltage knob in the corresponding linac (L1 or
L2).

W The 1T energy server should read 130 which typically corresponds to
about 128MeV in the LH.

B When set up the above values subtract up to 150 from the 'curvature'
parameter in |1 do this in steps of max 10.

M close compression feedbacks by transferring the current compression
monitor reading to the target value (arrow button) and then set the
activation checkbox.

=== https://confluence.desy.de/display/XFELOp/Bunch+Compression+S
European | €TUPFProcedure %
XFEL
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SASE Tuning

open longitudinal feedback loops

use chirps first L1, 11, and L2 in that order
|1 is the most sensitive tune in the 0.1 or 0.01 range
L1 should be tuned in with 0.1 steps
L2 is the least sensitive knob step sizes of 0.1 to 1 can be used.
Make sure that the L2 phase does not exceed 30deg!

If chirp tuning is not successful adjust curvature in I1. Steps of 1 or 10.

The |1 third derivative knob can be used in steps of 100 or 1000. Smaller
steps have no real impact!

After tuning is finished e.g. after reaching a new SASE optimum, close the
longitudinal feedbacks after transferring the BCM signals to the target
values using the arrow button.

European
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Transverse Deflecting Structure (TDS)
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TDS Measurements
W TDS Monitor (Main Taskbar-> Beam Dynamics->TDS Monitor)

¢ . . TDS Monitor
Setup Optics !
TDS Bunch Length Measurement
1. Select TD$® station

1 -

2. Select Camera __"> seton : ?
L nean T [T
| 15t TDS phase range [deg): 111 95 |.— 3. Find phase ranges
"% 2nd TDS phase range [deg]: -69 -85 manually

<3

kicker operation: disable
_ _ bunch pumber:
4. (optional) configure Kicker

store raw images: off

|

5. Start Measurement —__|  art measurement

European
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TDS Phase Range Setup

Exa m p I e. https://jddd-xfel.desy.de/jddd/global/commonAll_In_One_Camera_Expert.xml XFEL.DIAG/CAMERA/OTRA.473.B2D/*

Guru

B2 in spectrometer B2D

IXFEL.DIAG

| v |CAMERA

| v |OTRA.473.82D |~ |

in 11 the streak direction is

Camera ID:

812 Basler avA2300-25gmDSY#00305313C...

520 °c

Back

XFEL.DIAG/CAMERA/OTRA.473.B2D/

Online

horizontal ok
Camera Connection Params Images
' T, Se ] Power 5 A (V4
: “on | Off | ._Em_; W: 2360 H: 1776 \/ start/stop
pooe | il Camera | WD Server | Timer | Properties | Print | Frame
Main Gontrol Subsystems S I R Ry ; s et | EERIT R RENEST SRR s I P 20860
au. ADCscoj [ B i R v BRI | i e & NE
AAAA T"gi fm:emure E 1 SR S g A0 L iy sk . TS R i - X RIS R Scale XIY
Phase: + 60.40 [ €— B by RARSE () SRECENE TGN (8 3 iy T b PEETA RS
veevevy e TH ——— 1. Move beam:With phase (1strange) .- _XScale |
9 BCz1 _42.60  42.600C [ KRR FEFCS a5 SO 3 . sy FFOn T AP 3
Axn An = Sh R PSR R Bl | RN DR ARG Eae o B ol Y Scale
+180deg | _-180deg BC22  _43.00  45.000C Bl sy R e MR [
W 4 ke > PR e image comp. jpeg
FeectForkaid R Al Pt _
Dm::tRu:(::::cthn - S AT h 200 R DTSR _n Fllp
..... [ 5 rotation:
LLRF Expert views A [ e e : e
@ rsmon  [JRFOnION g E : - S 00! BoX
“rou — i \ Jump by 180deg and repeat -
(2”0' range) []__tistogram
VS and SP Amplitude 7952 [deg] VS and SP Phase 61.26 deg e & Eh P [] XA&Y Spectrum i
W] e R ; w3 Ry iy [] rot1| [] ROI2
ol " AR e e i "u St T S D Write I
h e :Iea-ve safe,,ty: m.argln- | magee
= B Bt dhthdediinty S et - s Write ROls
ol ol ; ; 3 A
::: ALl | ‘ Acquisiton (def=off) Frame Trigpas Activation []Rem.Lim. Gain uae
i A 0 [on (v| [on |v| [RisingEdge |+ ] Auto |Off [~]
RN RN
g lus] Src ILine1 ]v] Src [Line1 ]v] Select IAII ’v' Sender: OFF
L AAA
Rate[Hz]: AAAAAAAA AAA
Delay [us] ,.oo...0-0 Fremt _°1 Males €00
— Cfa Resto
1 1o Camera S... (21294697 Camera IP: 169.254.1.20 Interface IP: 169.254.1.1
Acq. Mode Exposure Black Level Binnin
European 9 Auto P Mode SQIchor x i 9 i Y
XFEL Continuous [+] off || [Timed [~| [AN [~] Sl bin 1
Value AQffset  width | offset  Height
AAAAAAA o 0 2770 0 1780
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Setup B2D Measurements
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] XFEL_Dump_SwitchYard.xml XFEL.MAGNETS/MAGNET.ML// X
Injector 1 (62 m) | BC 1(229 m) | 67 m) | TLD (1980 m) |
Dump2nC | Dump30nC | Dump 1000nC| | Beam straight | Beam to dump| | Beam straight| i Beam to dump| Beam straight | with DC Magnets
® BB62I11D -0.279 deg ® BB.229B1D -0.052 deg o 0.010 deg Beam to Dump| | Beam straight |
-30.000 deg. | 0.000 A AZRLD Gz | UL AR e | Wi R ©® BL.1939.TL 0.014 mrad
® CBB.229.B1D -0.000 mrad ® QF.469.B2D -5.022 mrad.... X i
@ CBB6211D Ll 0.000 0.240 1170.310 1170.310 5 o e .
0.000 | 1.800 : | B ks | ik $v90-014 mrad
-4. mrad... Y mrad...
® Q6011 0.000 mrad/m e QDﬁ?:f:):)D ‘;’:04100“ ® 052'37;532[) ";:'::30 ad  BL1964TL 0.014 mrad
470128 | 71310 | -1901.500 | 470.128 o | o : | : 0.470 mrad 0.000 A
: : ® QD232 4.384 mrad... 472 -5.022 mrad. .. 0.012
® Q611 0.000 mrad/m = 21?)21?):)[’ pag ) ?1:‘(‘)7321320 bt $v0-014 mrad
207.003 | 0.000 | -119.380 | 207.003 ’ ’ o | o CHX1967 | cNx1977 |
: ' ® QF 476.82D 5.022 mrad...
oL X 0500 o 0.0 1665.990 | 166599 CHY 1967_| CNY 1977 |
1065100 | 1065.100 i 1065.100 | 1065.100 o
L ! g Switch all On Cycle magnets'
® Q641D 0.000 mrad/m 00 | CorrectAbsoL.omit|| ® o;.);r;;zo 'r::::o';"ad"' | ! ==
0.000 ! 0.000 ! 0.000 | 0.000 gg CBB229: 0.000 ’ Kicker Status
Quad setting for the 76°/45° optics RS | Correct Mer- orbit Switch off BB
Correct Differ. orbit | Correct Absol. orbit | €88 229: 0311 COYABAR2 COYATOR2
CBB62 0718 CBB62  0.000 _Switch off 88 WEEZZETE =
switchallon| CBB62| Cycle magnets| Switchallon| CBB229 | Cycle magnets| Switch all On | Cycle magnets Timing 1942086

Horizontal Orbit

Persistence [ | Absolut Orbit Difference Orbit [_|

3.0

Difference Orbit (filtered) [

2.0-
1.0

-1.0-
-2.0-

0

T fecsaces By BB B ) BB S B B B et e o B S e °

-3.0 T T T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 80

. Vertical Orbit Persistence [ | Absolut Orbit Difference Orbit ||

T
85 90 95 100
[m]

Difference Orbit (filtered) [ |

2.0

1.0

(T fosecoes B sy B CHE St S BT S Sl T T e i . i S o

-1.0=

— 20

Pulser status

| (m
=
==
E||m
==
E||m
E||m
E||m
E||m
u

(7 oesm or|

=l T T T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 80

Selected: ALL

European Reference Orbit  Setas ref at: 19:23.52 24.05.2021

T
85 90 95 100
[m]

Set as reference (ALL)

Bunch Destination (User Mode):

Send to xfellog.._ | Help

XFEL
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Setup B2D Measurements
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After Dump switch was used change from SASE delivery optics

B optics_designxml XFEL.UTIL/OPTICS.DESIGN/*/

11D Status

B1D Status

B2D Status

TLD Status

T4D Status

T5D Status

Range

Threashold:
[Huge diff]

0.20 E

Number of all selected magnets:

Desel

(1D | BID | B2D | TLD | T4D | T5D |

’ B2D default

‘ = J ’Inj76/45 Injector asymmetic FODO 76/45

’v‘ ‘BC22019

to High-

B optics_design.xml XFEL.UTIL/OPTICS.DESIGN/*/

(20

Design

11D Status B1D Status B2D Status TLD Status T4D Status T5D Status Threashold:
Range 3 Number of all selected magnets: 0
[Huge diff]
0.20 Deselect all
(1D | BID | B2D | TLD | T4D | T5D |
(Bzo BetaX=200m at B2 TDS ‘v| ’lnj76/45 Injector asymmetic FODO 76/45 1- ] ’BZD Special B2D TDS optics ‘ = ‘

A = —

R e

1 ==

mm_a_rio

= e

FOE — A~

set and cycle to selected design — reset when done with

European

XFEL
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Off-Axis TDS Operation

™ (Main Taskbar-> Beam Dynamics->Diag Bunches InJ/BC2)

1. Activate Kicker (e.g. KAX on/off) =
2. Activate TDS FSM (required for TDS status) @ rowon Dl onron rou]

RF is switched off

FSM  (use only in case g problems)

State Name SHUTDOWN_STATE

B8 XFEL_11_Diag_bunchesxml /// - o X State Error Message RF is switched off

RF is switched off

VS and SP Amplitude

= . 5 100
L Print Pri U/
80

RF Startup TDSA.52.11 RF Sh
TDS status camera status kickerstatus TDS status camera staws
1 5 "All_In_One_Camer: ert.xml XFEL.DIAG/CAMERA/OTRC.56.11/*
L [1KAX on/off n KAX on/off — -
Back
v TDS TDS XFEL.DIAG/CAMERA/OTRC.56.11/
cai bunchnumber 569 ;| bunchnumber “g5o 030531E90... 540 °C Online
kicker number 3 kicker number 3 =
Images
o rn 1776 . Start / Stop
9 number of pulses 1000 i number of pulses 1000 Twer | Properties | print | s
5295
. . Scale XIY
2 CQAalaect hiinebh nuimbar X Scaie |
V. UlTUUL VUTiIvVUIT Tiiulriiveoul Y Scale Y Scale
“ ” i i | i i
(“pure” bunch number) — ‘ ' o
of ] pue: =
waier % 5. Request number of shots = o

4. Select kicker: 4V &l

e 6. Start measurement o
1-4 for OTRC.55-59.11 []__so.subet _ []__so.subst
: []__ tistogram _| 7. Stop when done (] tistogram |
1 for 1st and 2nd for kicker []_xa¥ spectrum_| : []_x&Y specium_|
. . () roi1| []_sorz (will stop after the requested number) [ sous | []_sorz
palr In Bz Write Images Write Images
Write ROIs Write ROIs
Trigger [_] Rem.Lim. Gain DAQ Trigger [ ] Rem.Lim. Gain DAQ
Acquisiton (def=off) Frame Activation Acquisiton (def=off) Frame Activation
[ort [~] [on [+ [RisingEdge _[+]  Awo[of  [v] [orr I~] [on [v] [RisingEdge _[v] ~ Awo[of  [v]
src [Linel  [v| src [Linel [+] Select[al  |v| Sender:  OFF src [Linel  [v]| src [Linel [+] Select (Al |v| Sender:  OFF
T o 10000 ren 0 e 180 e X L
Cfg Restore Camera S... [22308859 Camera IP: 169.254.5.10 Interface IP: 169.254.5.1 Clg:Restors Camera s... 22003133 Camera IP: 169.254.80.10 Interface IP: 169.254.80.1
Acq. Mode A Exposl%% '.clack Level Binning Acqg. Mode e E)(pc:sl%e:l sm%l%?k Level Binning
—_—T T, | [, GO e N s e A | || et e R =] 1) GO [ ey Y
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TDS Operation I1
RF system is switched on using the “FSM RF On/Off"-button

BN TDS_INJ_Modulator.xml XFEL.RF/TDS.MODULATOR/TDS.52.11.KLYSTRON/

v
B Main_TDS_LLRF_Operationxml XFEL.RF/LLRF.CONTROLLER/LLTDSI1/

XFEL TDS System Injector

Main Control Subsystems
Modulator Switch ON/OFF | | ETHERNET CONNECTION STATUS . ey AR T 1nj. Water Timing |
E PS 24V Control Modulator Control: ok Filament Time Ready :::s ___ Server Log Ampl: vv g = gé %m
PLC: Filament Control S
m Modulator Controller ONL... ok /I\ 00120
— ) ADAN AN TDS Temperature
| | Transformer Bias PS |ON PUMP cCi Phase: ;tl,gé - 99 H SetPoint  ReadBack
|| Filament ONIOFF Voltage  3668.0v P e 0.00 deg m1 "40.00 37200C
—
|| solenoid Contactor ONIOFF Press.. 2.09E-10m...
180d -180d
O : | 2.2E10 mbar H H 2.0E10 mbar T T
| Solenoid PS ONIOFF SOLENOID
— Voltage |
[ | main Modulator ONIOFF ge 0oV N N FILAMENT Kiystron Hv PULSE | | Feed-Forward
Current g0 Primary Voltage 1.6V puise Voiiaze T
Connect Modulator c o o . ! oo | Ue: VNG E R
rimary Curren ¥
SWTCH Driver ON JEEI |:| i v Pulse Current
{8ve - Filament Current 017A LLRF E :
Properties xpert views
D PLC Pulse Enable T Filament Ready I:l
|| External Triger Enable 2B || LERGExpert
= 34.1°C : Setup
m Pulse Enable MODULATOR CHARGE Properties |
= VOLTAGE VS and SP Amplitude 0.01a.. [deg] VS and SP Phase 0.00 deg
100 200
CHRG Volt: OFF
[ S _ | KLYSTRON VvoOLTAGE 1 1504
SWTCH Driver OFF 59‘; :v:m( value SETPOINT 80 Pt S
70
-9.42 kV i o H
MODULATOR 50 0
Input Voltage [V] Switch Voltage [V] Charge Voltage [V] FAST INTERLOCKS 40 50
-82.9 4153 -68.4 30 1003
TE -
227 4137 631 " = = 104 150
.0 bits 0 >00
128.3 4120 -57.8 Fast Interlocks Registers | 0 2 4 84 b 12 4s a6 48 20 | T 0 2 48 4 b ab 446 4B 20
1] 1]
234.0 4104 -52.5
339.6 408.7 47.2 HV PULSE TRIGER NUMBER
Triger Pulse
4453 407.1 419 ¢ 10334365
— HV Pulse 5219992

RF is switched off
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TDS Operation B2

https://jddd-xfel.desy.de/jddd /user/meykopff/bc2_tds_conditioning_overview.xml XFEL.RF/LLRF.CONTROLLER/LLTDSB2/

Keep&l

Main Control

AAAN AA
Ampl: 85.41 %[
vvv vv
4.

32 a.u.

Mant

. Se‘l Phase:
“ Fe +180deg |  -180deg
V2 Feed-Forward

. Se1 [v] Output Rot. Correction
OVC: RESET Expert
M Pre

<1 >

<>

i3%.6

26.

by <O>

=

30

© rsmon

FSMis off

LLRF Expert
M Pre

STATE: Trigger
State: Trig ON Remote Mode
Charge Vottage | 110000 lok
TRIG RESET
Charge Voitage 110000 2]
HVON Pulse Voltage 22282 1]
Pulse Current 20665 |1
STDBY
OFF D:DE m
Experts:
TDS Power
RF: Joerg Herrmann (9)3782 I
Ingo Peperkorn (9)3374 actual = 84.32 %
LLRF: Hoffmann, Matthias 1670 t o A éa 66 .
arge .
Beam Dynamics: 9 .89.00 %

Beutner, Bolko 2757

[V]RF On/Off _Fsm
M Wa

VS and SP Amplitude 84.32a.u. [det% VS and SP Phase -126.3 deg
100 2
7 - 150
rea| = 100
70
60 50
fror | :
40 50
304 -100]
W Inc |z |
104 ‘ ~150]
AR EEEEEEEE A EEEEEEEE N
1] [us]
~
B2 Special Bunch ML: B2 Diagnostic Kicker Control: | Legacy Timing Control:
bunch number: 57
. S 1 AADY Kicker off B2: KDY (SDi TDS Off Beam TDS On Beam
e kicker number: 2 cxer D J% -

number of pulses:

YVvy

¥ Inc

European

XFEL

while monitoring vacuum

kicker number:

number of pulses:

Sound ON Sound OFF
Sound is OFF

= CTRLLLTDSB2/SP.POWERW] K4
== TDS B2 Virtual Probe Ampiitude [a.u.]

7:51 8:06 8:21 8:36
23.5.2021 23.5.2021 23.5.2021 23.5.2021
= BC2.46TDS.01/P [mbar] [
= BC2.45TDS.01/P [mbar] £

BC2.46TWG.01/P [mbar] %

BC2.43TDS.01/P [mbar] £Y

8:01 8:16 8:31
23.5.2021 23.5.2021 23.5.2021

1666 ™ M

B2: KDY (SDiag) [ S s |
[ ] EXPERTS

8:56
23.5.2021

8:46 8:56
23.5.2021  23.5.2021
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TDS Measurements Analysis

@ ttfinfo.desy.de/XFELelog/s

an
1232021

12.02.2021 11:53

ow.jsp?dir

an
1222021

&n
1222021

Shut Down

News: XFEL emergencies: also inform 9450

s
1222021

100
1222021

—————— —

11:48 11:49 11:83
1222621 222021 1227821

xfeloper@xfelbkr3 desy.de TDS Longitudinal Profile Measurement
Longitudinal measurements at OTRA.473.B2D in B2

File: /Users/xfeloper/data/tds_longitudinal_profile/2021-82-12T115356.mat

Bunch Charge: 253.65pC

Results Summary:

Gaussian |RMS
bunch length [fs] 36.166 |34.7608
long. resolution [fs] 7.2305 9.2274
intrinsic spot size [um](21.1123 |[27.7707
correlation C/S 8.0846126|9.035471

calibration scan:

1st slope|2nd slope|
min phase [deg] 63 -117
max phase [deg] 52 -116
measurement phase [deg]|63.2454 |-116.6923

Longitudinal calibration:

Results are directly send to elog
No summary screen in TDSMonitor
Gul!

Additional data are send to elog

|15t slope |2nd slcpe]aver‘age |

[tong calivbration [m/ps][-8.ee30599e.0027531]0.0029065]

(e.g. bunch charge, TDS LLRF)

TDS Summary:

power SP 72.25

modulator charge voltage|1179.9725)
amplitude input 176.7111
amplitude output 140 .4444

RF_Summary:
sum voltage|chirp|curvature|third derivative
11)129.48 -9.1 |119.9999 |26060@
L1|589.64 -9.4 |- =
L2|1778.8928 |[-12 |- =
voltage [MV]|phase [deg]
Al [143.4168 11.1956
AH1[18.67638 164.8471
A2 |640.0323 22.8881
A3 [647.1862 31.5722
A4 [787.1184 31.5722
A5 [652.7059 31.5722

Caution: Sum voltage and LLRF data *

are only stored for the first Flattop
even in off-axis operation!

31

(RMS)
if ! 1 measured values /|
' A L] 1
100 100} % ”
Kit Analysis: Fit Analysis:
intxinsic spot size o intrinsic spot size .,
corrdlation C./|S.| = 0. I Sgrrelation €, /|S;| = 0
bunch, length o, = % bitnch length o, =
long. reSolution R, = 7.23fs 7 long), resolution R,
- 40
20 ¥ p
1 measured values g
0 20
-1 05 0 05 1 -1 05 0 05 1
normalized streak S/|S;| normalized streak S/|S,

first slope

[px]

-400

-800

[px]

second slope

-300 -200 -100 0 100 200 300 -400 -300 -200 -100 [ 100 200 300 400
longitudinal [fs] longitudinal [fs]
first sloj second slo|
3 pe 25 s
25 2
2 g
e ? 2
§ '§1,5
Q Q
=15 =
g e
3 £1
2 A 3
3 3
g g
05
.MNWA‘J
0 0
-600 -400 -200 -500 0 500

longitudinal [fs]
TDS shifted off beam

@
<
S

3
3
3

5
3
3

N
S
S

200
-400

in transverse direction [px]
)

&
3
3

3
3
3

-100 -50 0 50 100
in longitudinal direction [px]

position [m]

longitudinal [fs]
o210 _-0.0030599 [m/ps] /0.0027531 [m/ps]

o

S

2
-0.5

0 0.5
Delta T [ps]
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Is the compression properly setup?

Bunch length at B2 should be between
30-40fs for good SASE (250pC)

Longitudinal PS should look similar to

Bolko Beutner, DESY, 06.2021

2021-02-12T115356.mat (Gaussian)

32

the example ~_

If unstreaked beam is “tilted” consider
checking dispersion between injector
and linac

200 300

-100 0 100
longitudinal [fs]

first slope

[px]

200 300

-100 0 100
longitudinal [fs]

second slope

400

size of both “zero-crossings” is

|

/

aw current profile [kA]

|

\
another indication for beam tilts r’ \M \—
‘-'M%m«-‘tj “i&&;&u,.m o Mmam wm
o g:gnua.nau [l:s] = “ . Iongiluginal ffs] -
TDS shifted off beam 8 X 10 -0. [m/ps] /0.0027531 [m/ps]
ge \ o
- £s P
European : =i
XFEL

0
Delta T [ps]
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Thank You for Your Attention!

400
300
200
100
Y
-100
-200
-300
-400
-150 -100 -50 0 50 100 150
longitudinal [fs]
| |
European
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Questions?

Literature:

Igor Zagorodnov and Martin Dohlus, “Semianalytical modeling of multistage bunch compression with collective effects”
Phys. Rev. ST Accel. Beams 14, 014403 — Published 13 January 2011

ICFA Beam Dynamics Newsletter No. 38, ( http://icfa-usa.jlab.org/archive/newsletter/icfa _bd nl 38.pdf )

Various PhD theses:
Frank Stulle ( http://www-library.desy.de/cqi-bin/showprep.pl?desy-thesis-04-041 ),
BB (http://www-library.desy.de/cgi-bin/showprep.pl?desy-thesis-07-040 ), ...

In-house Experts: Martin Dohlus, Igor Zagorodnov, Torsten Limberg, BB

European

XFEL



http://icfa-usa.jlab.org/archive/newsletter/icfa_bd_nl_38.pdf
http://www-library.desy.de/cgi-bin/showprep.pl?desy-thesis-04-041
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Bunch Compression — with Formulas

Dipole
Magnets

Beam
Direction

European

XFEL
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Energy Chirp Generation

Vi
A
ﬁ% Bunch
-+
| A
A curvature
Crest
2T
E(s) = eV cos (cp - TS> + Eo
2 212
=Ey+eV (cos(gp) — Tﬂ sin(p)s — % cos()s? + - -
. E(s) - E(0)
- E(0)
2reV | 272 5 A =
_____ =5 sin(p)s — E—/\zcos(gp)s + -
European ~ As + 852
XFEL

)

_27T€V
E)\

36

sin(y)
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Linear Compression

European

XFEL

6 (Sinitial) = ASinitial

Sfinal = Sinitial T F560

Stinal = (1 + ARs6)Sinitial
F Shinal \/(1 + AR56)202

Sinitial

U Sinitia
— ’1 + AR56’ O Sinitial — C I

j [\ 61;.,~[

— e — e e

o St

X; X¢
L

|

S¢
Full compressionat (1 4+ ARs5) = 0 , however C=1/0 !

]

W

37
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Linear Compression with Uncorrelated Energy Spread

each particle j has an N\ /
individual “random” energy 5(5initiaI; ’) = ASinitial + 0

offset

Stinal = Sinitial T+ R565

Stinal = (1 + ARs6)Sinitial + Rs60’
O Sfinal — \/(1 T AR56) 5|n|t|a| + R 605’

O Of ¢ -
I~ e
Si » S¢
X; X
| . \ - _ Typically the “full”
S, compression is avoided...

If (]. -+ AR56) =0

- min _
European O-Sfinal ~ | R56 | 0-5[ %
XFEL
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Simple Compression Setup
—Egky,0deg E kg, phi

=

Eik
A= —% sin(¢y)

Tfinal = |1 + ARsg| Tinitial
E = Ey + E; cos(y)

:> @ = arctan | — '

E—Ey kiRse
E— E
Ef = cos( )
Is this Ok?
XFEL

39

i total energy E
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Non-linear Compression

TEokntdeg Epks,phi total energy E
2
Stinal = Sinitial T R56(5 -+ T5665 -+ ..
0 = ASinitial + Bsi%itia| + .-

k2 o
2 Smitial

—E; sin() ki Sinitial — E1 cos(p) 2+
Eo + E; cos(y)

O (Sinitial) =

k
E1 COS(@) D 5|n|t|a|>

1 » 1 — o
% 0 % 0 5
& -1 = 1 B -
-500 0 500 -100 i =50 0
S‘[mm] [mm]
Can we tune the Tsge-term to compensate - 7
the E; quadratic-term? Ha §os
3 o o
1 ] NO Slnce T566 z -——R56 [mm] [mm]

2 This is NOT %

XFEL
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Linarised Compression

~ | L Al [ el | FRoYaW|
— Egky,0deg E1, K, pni Eesltonini ] total energy E

Stinal = Sinitial + Rs60 + Ts660° + - - -
0 = ASpnitial + Bsiznitial T

5(Sitial) = —E; sin()kySinitial — E1 COS(gp)kz m.t.al®
initial ) — EO s El COS( )@

k? ks
El COS(QO) D |n|t|a @)

E2

ki

— E, = (El cos() + BF Slnz(g0)> K2
XFEL
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Energy Compensation
o~ | 1. oy - | el | 400
—EakTGﬂeH =1, Ky, pnt £2,K2, ToUdey

E2
E, = (El cos(yp) + 3—= Sinz(gp)> —

Eisin(p) = E{sin(y')
E; cos(p) + E» = E; cos(¢)

European

XFEL

total energy E

energy gain [MeV]

-80 -60 -40 -20 0 20 40 60 80
phase offset [deg]

Compensation of energy loss is
required while the slope must be

maintained.
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Energy Compensation
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E0!|t17e deg

| i P 2
C1,Kq,pht

E2
E, = (El cos(¢) 4 3—= sin?

E

= L 41 QN
3,K3, Toudeg

total energy E

)

Eisin(p) = E{sin(y')
E; cos(p) + E» = E; cos(¢)

E; sin(p)

—> ¢ = arctan (

,_ ¢ sin(p)
= Bin(e)

European

XFEL

E; cos(p) + E2>

energy gain [MeV]

100 L i i i i
-80 -60 -40 -20 0 20 40
phase offset [deg]

Compensation of energy loss is
required while the slope must be

maintained.
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(Almost) General Solution for Single Stage BC

0K, 1Ky, phi zkz, total energy E

144
read : :’:t:ake
1438 L o
. /"\ %\\ E Ofinal 1
= | / \\ Ulnltlal
2 124 T
143.2

E — E k1 R56

*‘//r i

~ cos(p)

(E cos( )+ 3E25n 2( )) i
1 P — SN \¥) ) 75
E K2
N E; 5'”(90) If x-band is not operated
arctan El cos(gp) e E2 “.anti-on-crest” ap additional

. linear compression term
E sm(gp)’v plays a role.

'sin(¢')

XEEL




Bunch Compression Operation

European

XFEL

Bolko Beutner, DESY, 06.2021

The End

45



