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Beam

Dynamics | FEL Beam Dynamics Homepage

FEL Beam Dynamics Group Home Page

XFEL lattice files » click in the image to go to the descriptions of the single parts List of Components »
FLASH lattice files 3

Injector

Bunch Compressor y ; :
Collimation Section
-

T Beam Distribution
Mair Linac

Beam Switchyard

[Jj
Start-to-End

Talks, Person index, Keyword index XFEL Wiki i . Links and Codes
Simulations

XFEL Commissioning

_Jinternal decuments XFEL Project at DESY | The DESY XFEL wiki | XFEL.net | DESY.de last update: 05.10.2009
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FEL
Beam

Dynamics | Aufgaben

Oberflachen und Server zur Steuerung von Multikomponenten-
Prozessen (z.B. Automatisierte Emittanzmessung)

Unterstutzung automatisierter Maschienenexperimente

Hi-Level Post-Mortem Analyse
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Beam
Dynamics

Was haben wir an Werkzeugen?

Matlab Ser
(Duval)

DOOCS server lib Java server lib (Duva C server lib (Duval)

=3

)

ttfr
ttfw
jdoocs_call
DAQread

Wrappers for

middle layer

—

Fat Clients
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FEL
Beam

Dynamics | Kontrollsystem Ebenen

SASE Control

Console Programs

Energy Management Optics Measurement Machine State Control
and Bunch compression and matching (Sequencing, Bunch Patterns)

Sequencer

Orbit and dispersion,

Rampin
High Level Dot
Servers
Orbit Control

Middle Layer

Toroid SASE Magnet Screens Wire Others
Intensity Controller creens Scanners ers
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Beam

Dynamics

Produced output data

= For each BLM and each event, a time C—
series which contains

® Total
} Bunched

The current data Cumens & I ‘ I I
A bunch-wise average, RMS, and a oo | I --------- 3 BT N

P v, @® @ Db D P ®
O i o0 o?(ﬁ\"kgef'r;'@ 5 i @*0\1\1\

peak-hold value over the last N events

W PEAK W MAX & RMS

= For each BLM, a summary of the e BLHS of Selected Section

current time series =
Average, RMS, maximum and peak-hold _
L —_—
of loss rates of bunch current, dark o ‘ - - -

" gt RES o
g g a i
e o o [t

current, and total.

= For each accelerator section a o Selected BLM

o Auto
Time Series

summary over all contained BLMs ==

® mean

Average, RMS, maximum and peak-hold o h
of loss rates of bunch current, dark o

Adjust

Rat

Loss Rate

current, and total.

B BLMRate  BLM Peal
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FEL
Beam

Dynamics | Matlab Middle Layer

List of Calls:

read_magnets
set_magnets
read_BPMs
set_orbit
read_toroids
read_BLMs
get_beam_profile
get_longitudinal_profile
read_rf

set_rf

set_energy

Description of Calls:

[fields_and_currents, status, names, positions, error| =

read_magnets (id, further_specs)
Generic names: ‘Quad’,’Bend’,’Sext’

further specs:

Name Type default Comment
‘ignore_if off Logical 1 Does not return
switched off
magnets

(a8 ﬁ HELMHOLTZ
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FEL
Beam

Dynamics | Matlab GUI Bibliothek

axes

* Figure 1: Data gui 3 - demo 3
CheCkbOX Menul Menu2 &
edittext
figure

1 1 |=
listbox 2 1.1000 \
menuitem ; siscclll 118 -

4 1.3000
pane| 5 1.4000

5] 1.5000

7 - <€ : 1.6 :
popupbox el s . 10 5 10
pushbutton Lst1 |=
radiogroup ‘u’alue”c?f datavaluelZs: 2 2 - I:;:,Eé
slider 4] ] | b Set wrong value (4) | Pop 2 - rjRE
statictext Panel 3 toggle panel 273
table inside panal 3 | toggle panel 2/3 |
togglebutton | Data gui 3 - demo 3 W toggle panel 2/3

Mew figure |  Start timer | changed by timer Color |

ﬁ-
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FEL
Beam

Dynamics | Matlab GUI Bibliothek

deref
timer
tabgroup
tree
treedyn

Special GUI support:

- Continuouse slider

- Mouse wheel /

- Mouse button up/down

- Enter/Leave focus events
etc.

tlname \l\tzname ‘\Bname \Hname\.l
Ihside tak 1

=@ nodel.2

. e node2, 1

=@ nodel,3
-l node2, 1
‘-l node2,?

Do sameathing with tree 1 ‘

Do sameathing with tree 2 ‘

s DATA GUI dynamic tree demo

& DOOCS
=@ UTILZ
-6 UTIL3

Useless pushbutton ‘

lseless pushbutton?
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Matlab Toolbox ADAQA
used for Emittance

Measurements

Bolko Beutner, Rasmus Ischebeck
PSI/ DESY / KIT Mini-Workshop on Longitudinal Diagnostics for FELs




FEL
Beam

Dyriarrics

+ SwissFEL

These measurements need to be automatised for standard operation and
commissioning, task are e.qg.:

= moving screens in and out

* varying quadrupole settings

= restore initial lattice configuration

A successful measurement procedure (high level application) needs to be
reliable, robust, and usable

“Always have the operator at the end of the night shift in mind!”

Accelerator operation in general relies on data acquisition and parameter scans
In the various applications the requirements are actually quite similar

— Tasks should be unified and standardised to prevent that every application
developer “reinvents the wheel”

= ADAQA - An Accelerator Data Acquisition & Analysis Framework

ﬁ HELMHOLT?
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Dynamics

Energy Management and Bunch compression
Panel

rf manager

(Nitations X Nrott X A, 0, A’, @)
robt: region of bunch train

(a0 # weLmnoLrz
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FEL
Beam

Dynamics | Emittanzmessung

Emittanz Tool Browser

View detailed information

controls reads detailed l HTTP
reads progres information
reads results
HTTP Server
Device Servers DOOCS NFS ‘ NFS
e Wire Scanners v
e Screens .
. Cameras B Profi File System
e Attenuators controls/ €am Frofile Data and Results of all
*  Screen Optics uses Server stores Measurements:
. BPMs .h . Images
. BLMs DOOCS . Data Series
«  Optics Server ’ I\P/Ie?surlement
»  Screen Optics rotocols |
. Beam Profiles
Database ° Nality Ectimatinn

(88 # weLmnoLrz
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FEL
Beam

Dynamics | Undulator-Wire-Scanner Massnahmen

Das Serverprogram der VME-Creates wurde Uberarbeitet.
= Genaue Einmessung von Position und Fahrkurve bei Initialisierung.

= Dadurch exaktes Anfahren beliebiger Positionen (+- 15um) maoglich.

» Verhalten zuverlassig und reproduzierbar.

= Erhoéhung der Fahrgeschwindigkeit, damit schnelleres Rein- und Rausfahren ermoglicht wird
(noch in Arbeit).

= Erkennbar, wann eine Initialisierung bendtigt wird (Flag).
= Hoffnung: Pro Server-Neustart nur noch einmal initialisieren.

Bisher gute Erfahrungen/Tests mit neuem Server
= Zuverlassigkeit wurde deutlich verbessert

= Kein “Aufhangen” mehr beim Fahren.

= Kein haufiges Initialisieren mehr nétig

Einige Probleme werden noch untersucht

= Einige WS (UND 5 + 6) halten Zielpositionen nicht.

= Versprochene Max. Fahrgeschwindigkeit nicht erreichbar.

= Motor bleibt bei vert. Scannern bei Initialisierung manchmal stehen.

(88 # weLmnoLrz
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FEL
Beam

Dynamics

Emittanzmessung: NeueMessung

s Emittance Measurement and Optics Matching (Revision: 48)

View Measurement = New Measurement \ Match Optics\

Start measurament

| Ere!

Start with pause

O e A U T

EEHuE

TTF2 DIAGS CAM.BC3/ 11ECS/ IMAGE_EXT [OFF)

— selact target

— OTR.11BCS is not a group

GRP.DYM.01
GRP.DYM.02
GRP.DYMN.03
OTR.10DBC2
OTR.100RS5

OTR.13SMATCH
OTR.15FUND1
OTR,15FUND2
OTR.15FUMD3
OTR,15FUND4
OTR.20RS
OTR.3BC2

OTR.11BC3

no group

-

R Show all

_|DBC2.Timing.Hack

IC

l

— Server status log (13-Mar-2013 16:37:33)
Error — WS.4DBC2:

Error - WS.4DBC2:
Error - WS.4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS.4DBC2:
Error — WS.4DBC2:
Error - WS.4DBC2:
Error - WS.4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS, 4DBC2:
Error - WS.4DBC2:
Error — WS.4DBC2:
Error - WS.4DBC2:

CONTROLLER IS MULL
CONTROLLER IS NULL
CONTROLLER IS MULL
COMNTROLLER IS MULL
CONTROLLER IS MULL
CONTROLLER IS MULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS MULL
COMNTROLLER IS MULL
CONTROLLER IS MULL
CONTROLLER IS MULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS NULL
CONTROLLER IS NULL

-

active group: MORKE active device: MONE

Laser OFF

‘a2
{ DESY
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FEL
Beam

Dynamics | Emittanzmessung: Auswertung

* Emittance Measurement and Optics Matching (Revision: 48)

View Measurement |, New Measurament | Match Optics |

Emittance| alpha | beta | BMAG | hide directory list

horizontal 0.9273 -0.0483 1.7362 2.6123 2013-03-05T095944-WS.UND2
vertical 0.7250 2.0040 2.9424 1.7575 2013-03-05T095911-Ws.UND2
2013-03-04T160415-WS WV MEL
40BCE (BEATZum RMS hor) BOBCE (77.2Z667um RMS hon 2013-03-04T155439-W5.¥ ME1 |
) - n _ _ 2013-03-04T152900-WS.VMEL
2013-03-04T145640-WS WV MEL
2013-03-04T143309-WS.VME1
2013-03-04T142228-W5S.VMEL —
2013-03-04T131710-WS WV MEL
2013-03-04T130753-WS VMEL
2013-03-04T125301-WS VMEL
2013-03-04T123335-WS WV MEL
2013-03-04T123517-WS VMEL
2013-03-04T122753-WS WV MEL
2013-03-04T122033-W5. ¥V MEL
2013-01-11T183539-0TR.DBC2
2013-01-11T183341-0TR.DBCZ2
2013-01-11T181227-0TR.DBCZ2
2013-01-10T153023-0TR.ORS
2013-01-10T152748-0TR.ORS
2013-01-10T152541-0TR.ORS
2013-01-10T152345-0TR.ORS
BDBCE (127.0973um RS hor) 10DBCE (132.2665um RMS har) 2013-01-05T120812-WS.SFUMD
— - — — 2012-12-21T083111-WS.UMND
2012-12-21T083037-WS. UMD
2012-12-04T203127-0TR.SFUMND
2012-12-04T202517-0TR.SFUND
2012-12-04T201338-0TR.SFUND
2012-12-04T195644-0TR.SFUND
2012-12-04T194748-Ws.UnMD4
2012-12-04T194031-Ws.UnD2
2012-12-04T191318-Ws.UND1
2012-12-04T185457-WS.UND
2012-12-04T184351-WS. UMD
2012-12-04T1584244-WS. UMD
2012-11-28T003050-WS.UMND
2012-11-28T002233-0TR.DBCZ
2012-11-27T233323-WS. UMD
2012-11-27T232550-WSs.UND2 -]

< [ D] |

| »

L

(69.5465um RS ver)
(72.9314um BMS ver)

(FO1074um RMS ver)
{1711.0323um RMS ver)

med _sharp_FEL_0700 'l ttflinac your comment Send

— Optics Sarvar (TTF2.UTIL,‘OPTIC,‘THEOR,‘)—‘ ’7 Logbook

Using 2013-01-11T183539-0TR.DRC2 with 4 devices; Energy: 693.8823 Bt:a; 4 Ti';g‘o”cf‘ﬂ'ﬂozhl



FEL
Beam

Dynamics | Emittanzmessung: Optik einstellen

® Emittance Measurement and Optics Matching (Revision: 48)

View Measurement \ Mew Measurament = Match Optics‘l\
38
— E5ON ¥
actual ¥ old
30
actual ¥ new
— 2500 Y
23
actual % ald
actual ¥ new
el
15 | H
1 \
o Aﬁ-‘-—
] | | N ™ — |
10 15 £0 £a an 33
alpha meas.|alpha design| beta meas. |beta design| BMAG |alpha match| beta match| BMAG new | W Show X
horizontal -0.0483 -1.1811 1.7362 24715 26123 -1.3024 0.6595 7.5344
vertical 2.0040 1.2189 2.9424 2.5433 17575 13671 2.9194 1.1512 W Show Y
A Limit currents
Sat new quadrupalas currents _|Laser Faigan e|lijzie) 5 ‘ REGLAR T LEh
Actual (& |Proposed (8| Difference | Busy | Used |
Q9ACCL 0  -3.0844 -3.0844 Q9ACCL 13.6 =
QL0ACCL 0  -3.5562 -3.5562 Q10ACCL 13.8
Q1l.1UBC2 0 14,2526 14,2526 01.1UBCZ 19.3
Q1.2UBC2 0 -14.,2522 -14.2522 Q1.2UBCZ 19.4
Q1.3UBC2 0 10.5388  10.5388 01.3UBCZ 19.5
Q1DBCZ 25.3 O I
Q1.1DBC2 25.9 O
02DBC2 26.5 O
Qz2.2DBCZ 27.1 O ||
03DBCZ 27.7 [ =
— Loghook
|| ttflinac your comment Send to logbook ”
Match finished

(a0 # weLmnoLrz
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FEL
Beam

Dynamics § FLASH Bunch Compression Scheme

’ | Longitudinal phass spacs Projscted anengy dsviation
ml 15 REA: 1
| 1 rmsanangy spread: 3.8 +3.3x ‘I(J“’2
@ 10 & LY
IC) IO
1 71 =
1 | s & c &
i g g
i 1 = 0 5= 0
i @
o o
g g 8
: ‘ g 3
=) 1 o -10 o -10
— — - -15 -15
Beam E ner a -100 -50 © 50 100 -5 Q 5 10 15
g)} Boir longitudinal coodinate (1) chargs per enargy deviation [nC."‘IO“‘]]
'

. Longitudinal bunch profils Slics enargy spread
Chirp (V,, ) 00
sum 1

70
‘ rms bunch length: 36 4—4‘_[s|
60

V " = F(Accis@Paccr> Auccsos Paccso) -

AA cc23 Paccas

=5psrmsv =~ 1 ps

ACC1|ACC39— -

BC2 150
MeV

ACC2+3 |/ ----- N+ ---

RF gun

collimator

| ¢ LOLA SASE/THz pulse

_Ivl\ﬂ—| SEED und. DS | T, Y -&

CRISP dump

mini dump




FEL
Beam

Dynamics | S2E with 100 pC Bunch Charge

E [MeV] Phase space

Current, emittance, energy spread

1008 -
1006
i A R N
ooal e TTKA] / \
1o : 1 251s !
1

/ \
996 £ Lm
996 0.5\ : <
%4 . i [MeV]

15 <10 -5 0 5 10 15 5 10 5 o 5 10 15
s [um ] s [um]

bunch head 7 =2 [um]

&) =0.6 [pm]

Photon Pulse Length (FWHM) : 7 fs

(88 # weLmnoLrz
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FEL

Beam
Dynamics | S2E with 20 pC Bunch Charge
EMeV] Phase space Current, emittance, energy spread
1008 — - CHITHANCE, Chergy spree
1006} - |
1004;? T[kA]
1002}¥ *
| 61s \
1000+ \
L [ ]
998 5 IMEV] Yuunj\é‘“' s
996+ /\ : N
: R . S~
994} - —— =
5 4 3 2 -1 0 1 2 3 4 5
m . s[um]
8 ‘A/G_W
bunch head
6 I[a.u] @
) OV
Photon Pulse Length (FWHM) : 2 fs 2 kA
% 410 5 10\ 20 (sl
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FEL
Beam

Dynamics

rf_tweak4

Menu

147
146.5
146
145.5
145
144.5
144
143.5

143

plotting finished

Fast Model for longitudinal Phase Space

before dogled

o ]

4 3 -2 -1 0 2 4 7 -B -5 -4 -3 -2 -1 0 1
| mae 2761134 % 10° | max: 6401.07994 % 10°

— dlata.acc!_lakel datarf_lakel clata bc2_lakel

Amp. [MY] 155145 W Beam [Mf] 139.999 Energy [he'] 145

Phasze [deg] 2 45808 Chirpa [1m] 47369 Currert [1] 731
— data.acc39_label W [1miE] 212037 — data bc3_lahel

PG R 18,682 V17 20441 9 SR [ 444.4

Phase [deg] 164 476 Currert [1] ]
— dlata.acc23_label data.accds_label clata . accE 7 _lakbel

Amp. W] T B4 Amp. [M] 255 Amp. [M] o

Phase [deg] 1829 Phaze [deg] 0 Phaze [deg] o

ﬁ HELMHOLTZ
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FEL

Beam
Dynamics | Bunch Shape after Compression vs. First Linac Section Chirp (500 pC)

Minimum bunch length limited
by non-linearities

04 F
706 - 1 laag L
148 s |
704 | i 7oz -
b0z - P |
144
700 - 700 -
a2 B |
s
440 -
faoe |
BT -
™ 138 | -
ez | 136 | B3 f
i ) [ — - ) L ) Bd | L L & L L I ]
=i} =3 -2 -1 u] 1 2 -5 4 2 0 2 4 3 1.5 =1 0.6 0 0.5 1
| P 4101 38024 LA I max: 15679.308A 107 | e 243280414 2l
ACC1-Phase: 2.51 deg ACC1-Phase: 2.6 deg ACC1-Phase: 2.8 deg

Stability and Tuning Issue
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FEL
Beam

Dynamics | Bunch Shape after Compression (100 pC)

jao |
448 |
447 |
446 |
445 |
444 |
443 |
442 |
441 |

440 -

1 l e —le—————— - — 1 1
-6 -4 -2 0 2 4
| max: 6992 274A X m-ﬁ

439 -

.}‘g\g ﬁ HELMHOLTZ
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FEL

Beam
Dynamics | Measurements at FLASH

Beam-based feedback

Arrival Time Error in fs

Improvement of LLRF control performance
» Beam-based feedback (tested at FLASH)
factor of 3 improvement in arrival time jitter
= Cavity fundamental modes (tested at FLASH)
detection & filtering of 8n/9 and 7n/9 modes
= AAJA <9x10® | Ad <0.008 deg. achieved S e ey

1683.1 . Bunch Mumber
—AATA Intra-pulse: Bde-05 |

BaAMI

0 20 4D 60 8D 100

BAM2

_.
m
]
&

I‘ [T

Amplitude [V
B .
g &

1629 100 200 300 400 500 GO0 700 &00
|—&F ir||r.'-|-;1u|:a|;.: 0,007 deg 1

= T FArT I
2
g 2
=
[V

1.85

100 200 300 400 500 600 700 800

s

{ E\E‘Sg'-‘ ﬁ HELMHOLTZ
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FEL
Beam

Dynamics

GUN

BAM BCM BAM BCM

FLASH's slow longitudinal feedback (R. Kammering)

Pl controller, running up to 10 Hz

DAQ attached DOOCS middle layer server [:: ||

Designed to run full coupled RM

P Asyeewr ||
L sP e |

High flexibility in choice of monitors/actuators
Robust operator interface

Designed to be well scalable for XFEL needs




FEL
Beam

Dynamics | FLASH's slow longitudinal feedback

¥ FB on/off

FB g Ly Operator pan e'

whF_FE_chsplay.xml TTFZ FEEDBACKLOMCITUDIMAL

Monitor / actuator

overview . =l " =
MONTORS MAMAOCL PHASESETPOINT
N _ AT ? A P 1B p R
ORI - Il - resg errer
e
B3 B —————————— BCI BAM—————— RN i akoay
AT T A P 1B p
ADBCI, | e — DBl —
MG —————— CHARGE
Aiv amat P [Jm#wlll P
WA
Eho | ’ ’ . . Controls | Ghew BECHs ShewBAME | Prirt
= = Shaw ma
[P —ww asbgel | Targen: | =057 [+ 00250 D41 Accumulated cormectios:  ~0.109 = Genersl | Jarver | Monkers | Achaios [ ENerSngs
Pauz: ok Stabws; offie Stabes: Fabfac oough  mometifinaciasphlabisiowRF_PAGEILO1STIAZS0.BFLASH fina . Clime ik 1 St O
[ Bcwamacs. MORTORE | [] MARACC2Z3FHASESETPOINT — J Lot bosedpdar 132143 3LBLI0I3 Wokars 11 Aenwanoest 11
| T Macr Facrl | S Farcs apcal | Fapcay | Mappe | Faops y y
] | 1TEE-E  hiGM LRI paEg LET] ) BpdEd LE TS pabg L]
'- 1TMME-F  pEM ooy R 0omE  LEob 00Me  REam L]
Lpamg Q00 A LEE] ) Leom LRI beapg ‘npapa
IEEDE ome Bpaca 0.amp brara 00w Braca braca
LT L ] 000E BB LT 1] L]
AL =1and1 paEa n.ame Ll 0L BEaEa ‘A
b LT ] 0000 p4TES | 00ME BN L]
‘b 0ome R 00ME LM A0ME RO L]
b LRI L] LETS ) Bbdid W05TE BB L]
‘b ooy R 0omE  LEob 00y R L]
LOOM 000 D000 0000 bodd | Qoo [EEEEIN c.iotd
il T P =
i .| k|0 | kO Fk | k|0 0| E| R
L L u 1520 L o [ B | o B |6 oo B[ B b
Mg -~ b | Tawper: | <0516 |4 : Accumulatid cormacties: 0780 |+|+|+| ot +|:—|+| Tkt | *]
mamus ok ! . - Statws; offiee o | k|0 | B |06 |k | O|0|B|R - .
I e o N o | e | e = 141 =
D EMERCY DOSGLEC 'E_SPECT MOMTORTL D MAR_ACCAS AMPLSETPOMNT 0 [3 0 3 o [3 [ 0 n 3 b "=
- - T T EEEE . pEEEE 1 i P 1 1]
. o | & |0 | & |0 | k|&|O|0|®]|® L]
[T - | o N o [ e | e Dl |150-14 Uit singglar vakies: &
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LK (L] L3]S (X015 [T [ET31 (LT
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00E (L] LT (2] [aT] LRI [ETST
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LIS [EoToi] 00806 [XSTE] [ELTE] LK) (TS
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FEL
Beam

Dynamics | Kompressions-Studien: 1kA Spike

w10 Longitudinal phase space Langitudinal bunch prafile
1r E | rms bunch length: 362 +3 fs

0er 1000 - 4

06+
T o4t ] 8O0 | ]
=
-z
= 02r 1 =
(=]
E 0Of {1 £ B00- 4
% £
T D2f g =
=2
2 04r 1 400l g 1
a

06 4

sl | 200+ 4

A ]
. . . . . . . . . 1] .
4 3 2 1 1] 1 2 3 4 4 3 4
longitudinal coordinate (meter) w10 longitudinal coordinate (meter) T

— 1000

08k E
06k E
04k B

‘ alll

04k 4

02+

05k i

o8k i
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FEL { =—
Beam BDE S
Dynamics | Bunch-Length-Tuning

Tuning and characterization of short electron
and FEL radiation pulses at FLASH
during shifts 19(a)-21(m).01.2011

E. Schneidmiller and M. Yurkov (SASE & MCP)
C. Behrens, W. Decking, H. Delsim , T. Limberg, R. Kammering (rf & LOLA)
N. Guerassimova and R. Treusch (PGM & GMD)




FEL
Beam

Results from another shift block
(compiled by S. Schreiber (still preliminary))

Dynamics

| FEL Pulse duration in fs (FWHM)

0.5nC 0.25nC 0.15nC

Statistical 100 35-40

method

THz streak 50-70 Preliminary estimate

Spectrometer 100 20 20/-/3-4 spikes

Afterburner 170-200 25-70 FROG resolution 25 fs
_ Estimate from electron pulse (FWHM, e— length / 2)

Coherent 50

radiation

LOLA 150 50— 70 35

In general good agreement for the short pulses - within a factor of 2

Larger uncertainties for longer pulses




FEL
Beam

Dynamics

unstretched stretched
beam beam

L 77 4

Amplified Laser System:

* Seed laser Origami 10 (OneFive)

* 1030nm, 260mW, 54MHz, 400fs

+ 2 stage amplifier (Amphos)

¢« 1030nm, 10W, 1MHz, 800fs (10J)

AOM pulse picker (1MHz to 10Hz)
- allows pulse train operation

Streak camera measurement
1,20 w351 2 (May2012)

1,00 i

- n ‘EI e Short pulse laser -
: 0.80 VAL without stretcher

| ’ | B | (Jan2013)
0.60 ﬁg 1 % short pulse laser -

' h‘i with stretcher -
| L 230mm (Jan2013)
0,40 ‘\ \

| 2 BBOs (forth harmonic)
*1030nm -> 257.5nm
| *(10% efficiency @ 10) -> 1 |

Intensity {a.u.)

Supported by BMBF under contract
05K10GU2 & FS FLASH 301
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20

time (ps)
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FEL
Beam

Dynamics § Summary and Remarks

The tools and methods to tune bunch length exist and have passed
first tests

Extensive feedback from users about photon beam quality is
important

An on-line photon pulse length and pulse shape
measurement would be of great help
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Beam

, Longitudinal Phase Space and Profile vs. Energy Chirp
Dynamics | (ACC1 phase monitored)
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Measured and calculated compression factor

DYELTIES without self-effects

Small additional chirp and 10% correction of LOLA energy calibration:

M. Dohlus
C 100 | T T I I I I I

r56,,, = 178.4 mm
off =0.18

RIS lery %
rna:-:[ H_I'-IIS_len{m}]
1
14136 chirp | daty, o|+236.off

CHIG

= | | | | n | L

-30 —20 -10 I 10 20 30 40 a0 fill 0

number of measurement
(increasing chirp)

(88 # weLmnoLrz
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FEL
Beam

Dynamics | On crest

T Longitudinal phase space Longitudinal bunch profile
3l | | | | | | | | 3 g
oL ] 30 g
251 g

energy deviation / (evalt)
[}
current (A
]
o

151 B
b _
10F -
2l _
T 5 B N
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L L L | | L L | L L L L L L
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Beam

Dynamics | Compressed to ca. 50 A

«10° Longitudinal phase space Longitudinal bunch profile
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Beam

Dynamics | Compressed to ca. 150 A

w10t Longitudinal phase space Longitudinal bunch profile
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Beam

Dynamics | Bunch-Length-Tuning (differential): 150 pC

Langtudinal phass spacs Prmojcted anangy deviation
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FEL
Beam
Dynamics

Bunch-Length-Tuning: Spectra and Statistics

Statistical measurements agree qualitatively with spectral measurements .

150 pC

Info: online

ATE array length = 4796, X din.

TCP:

= 4736, ¥ dim.

sigma = 60%

disconnected

Camera: 0

o]

X off. = 147840239, ¥ off. = 0, eption = 1

Exposure
0.02
Gain 190
X wpIn 1
first last
805 1504
Y VEIN 1
first last
201 404
logi2 Togl6
Acq: i
q " ' calibIng |
Trigger: External b BuL DAY
T
Mode age eelbox | ™ Spect ® | ImagePoints
CD I Spect ¥ 142800
Temperature Rate [Hz]
s aa
E‘ set - 10 Act.t -8.1 ¢ 1.65
vy
Cooler Stabilised at
Bits per Pixel: 16 Width: 2048  Height: 512 Frame: 448

Status:

T rad~15fs (+10fs + 7 fs)

FLASH photon energy distribution (via DAQ)

X0 reference + 1169
X y ZEEeY Monochr
start + 805 || sin  + 201 Status ok, no DDG operation Expert
ond  + 1504/ | cec  + 404 || MaX 121.6 atss.o6 ev Screen
Scale px/mm :'5i.5" |Max709.8 at14.58 nn Ecur pos
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Bekgr. 1340 [gunch #i“i ] Mean [ STOP |
-+ A T g PP Max 54.39 at 85.12 eV,
Energy scale ;10 oo ps [g] *, 150000 5616000 Max 317.8/  at 14.57 mn
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Beam

Dynamics | First Lasing

First SASE with short pulse injector laser: * 25uJ (GMD-T, 10/10 mm) at 13 nm, bunch
« 9th & 11 of January 2013 charge 80 pC
« Sulat13,5nm, bunch charge 35 pC PG-measurement: Narrow bandwidth
; , {0.34 % in linear regime, 0.42% at saturation)

< 20 pulses > Samples # = G0B
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Beam

Dynamics | Tuning Issues

Longitudinal bunch shape changes with pulse train length, but
LOLA can take only one bunch

= Under study/development: UV Pockels cell

Uncertainty in absolute rf phases
= Beam Arrival-time Monitors help

» LLRF hardware and software upgrades improved situation significantly

Instrumentation specified and designed for the original design
charge of 1 nC




FEL

Beam
Dynamics | Peak Current for Short Pulses (Gaussian like)

Charge [pC] Peak Current [kA] Peak Current [kA]
E-Bunch <100 fs FWHM | E-Bunch <50 fs FWHM

1000 8.4 16.8

500 4.2 8.4

250 2.1 4.2

100 0.8 1.6

From S2E: At short bunches, peak currents of 2 kA already increase

slice emittance.

From SASE Simulations: Peak currents of 1.5 - 2 kA needed for saturation
(at least for the shorter wave lengths)

In the charge regime below 250 pC, SASE intensity and very short bunch
length should go together




