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Co-moving coordinate system with respect
to design trajectory (right-handed-system
at XFEL)

Phase space is generated between distance
and angle to the design orbit in each plane
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Area covered by particles in phase space is
called emittance

We can assume an elliptical distribution

Emittance is conserved in linear optics
(Liouville’s theorem)

=>  beam behaves like an incompressible liquid
=> focusing the beam will increase its
divergence

Small beams with little divergence as required
for SASE lead to small emittance requirements

VY beam envelope
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While the area is conserved the orientation of the phase space ellipse is not

Beam orientation is measured with the “twiss” parameters («, 3,7)
“slope” of such ellipses are a signature of convergent or divergent beams

A beam which does not have the same orientations
is called “mismatched” (with respect to design optics) A -
even if the emittance is the same

beam envelope
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FEL Process acts in a “slice” much shorter = *

slice emittance

then the bunch length ——

o ~FEL LT i
Projected emittance would underestimate B H//} H {
the phase space density of each slice J 4 — \

. . . = 1 / ('urr(‘lﬁ“[.:; ] \
Longitudinal resolved measurements usinga Z=/ -~ win uu] \, |
transverse deflecting structure (TDS) 3 o ’f
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hor. phase space
60 T T

Measurement Fit Summary

Different visualizations of the fit are
displayed to judge measurement

normalised hor. phase space

0.5 0 0.5 1
x/d”ze 1/2
X X

quality S
20 . . g . 0.5
o | The design (white) and measured =
2o (black) ellipse should agree T o7
;E . +
20 Measured ellipse (black) should % o5l
touch all beam size measurement ~
“0 lines (colors) .
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x / um ellipse should be a circle
¥2IN = 0.096355
140 T T T T
g 130 =
2 X
2 120 [ + .
D 10+ -
£ g
[}
< 100 |~ + m
» Screlen 1 Screlen 2 Screlen 3 Screlen 4

21.01.2020 BKR
Bolko Beutner, Matthias Scholz , DESY

(38 # weLmnoLrz
v | ASSOCIATION




Beam Optics and Emittance

European

XFEL

Optics-/[Emittance Measurements

Optics and Emittance is determined from beam size measurements:

reference point

|
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Q screen stati
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S S8

local dump
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Beam moments are determined at a reference point using either:
= one screen while varying the quadrupole settings

= at multiple positions along a constant lattice (FODO)

Slice resolved measurements in combination with a transverse

deflecting RF-structure (TDS)
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Optics is designed for

BUMP1_T4D

optimal beam transport,
efficient collimation, FEL

BUMP2_TLD
BUMPS_TLD

output power, ...
Optics initial condition (after |
A1) determine the beam | =
optics in the whole machine |-
(different in storage rings) =& .
Deviations in the initial

ScreenStudy
T4D_DEC_04

conditions or lattice T o

TLD_DEC_04
TLD_DEC_10

iInaccuracies have to be

Information Twiss | Centroid } Disp. } Energy / Elegant Files [ Design File [ * ' Debug\

Start conditions:

Beta X:  53.34447864286147 Alpha X: 17.310342656315918
BetaY: 58.206834745738444 AlphaY: 19.088093606871603
w Twiss at Screen Zoom
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DESIGN_T4D/STATIC.Z

Zoom

10.0:
[ ff oesjorTevmLeuaxx= pesion_tanisTaticll] [
8.0 DESIGN_TAD/ALPHAY :X= DESIGN_TAD/STATIC EH I

6.0
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DESIGN_T4D/STATIC.Z

adjusted by matching
quadrupoles
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Design optics in the Diagnostic Sections are defined by the periodic FODO lattice
= Unique periodic solution

= 0 D 0 sample trajectory
= — | —=s
\U : S Matching
cell length
FODO
Example: XFEL Injector T (_\_,_<>,JO

= Quads QI.55.11, Ql.57.11, \_
and QI.59.11 (same strength as QI.55.11) define the periodic solution

= Upstream quads match the beam from gun section to the periodic solution

= Downstream quads are set assuming the periodic solution as a start e.qg.
transport to the 11D dump.
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Screen

. Quadrupole
reference point

|
I
|
: >
|
|
I

matching quads

A mismatched beam at a reference point can be “matched”
by tuning upstream quads

Results from a optics measurement are used from a
matching tool to calculate a quad setup

Another measurement is required to confirm improved
BMAG

lterate until desired mismatch is reached (better than 1.1)
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In standard operation we typically load a file from a previous
SASE run. Therefore we can assume the configuration of the
matching quads is correct if the gun is set correctly (otherwise
SASE performance would be poor).

Set machine (injector) on-crest (zero chirp and zero
curvature) and energize the quads correctly

If a file is loaded try to match without changing the quads —
assuming the quads are set correctly before

= vary gun phase
= vary main solenoid

Try matching with quads if gun phase and solenoid do not
improve matching
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If matching with the quads is done on-crest the magnets
between A1 and AH1 need to be:

energize and

. ] 150 _-I — — — 1 RF sum 11
third deri ol | smvotage  $3.00 M
matchin

Emag: Epeam (MeV)

o 280 W
AAAA A .
. 0 4= | Curvature $936-9
T T T T N R
energize @ @ E SrEST || o st n
zm TR eI
CO m re S Energy (abs.) 2 Subtrain ALL sn n ok |ok
A1.11 AH1.11
AAA AA AA AA
Magnetname z(m) 4 Emag (MeV)  Ebeam(MeV)  AE (MeV)  |AE/Ebeam| (%) Sta Select ol 747.30 M 27.01 W
elect a
SOLA.23.11 23.10 6.8 6.8 0.0 0.31 reac 147.37 21.05
Select none
RF.23.11 23.20 6.8 6.8 0.0 0.30 reac
6 magnets selected.
SOLB.23.11 23.48 6.8 6.8 0.0 0.30 reac AAAA AA. AAAA AA.
Set magnet energy: . o
QLN.23.11 23.50 6.8 6.8 0.0 0.3 reac g . 5 | Fvb¥ -39 35948
Keep strength (scaling) < 11.34 169.26
QLs.23.1n 23.55 6.8 6.8 0.0 0.31 reac
Set to beam energy
CKX.23.11 23.80 6.8 6.8 0.0 0.31 reac
Set to energy...
CKY.23.11 23.83 6.8 6.8 0.0 0.31 reac
CKX.24.1 2417 6.8 6.8 0.0 0.3 reac
CKY.24.n 2419 6.8 6.8 0.0 0.31 reac i
BK.24.11 2474 |6.3 6.8 -0.4 6.67 OFF . ) ()
CKX.25.11 25.78 6.8 6.8 0.0 0.31 reac
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Tools at XFEL
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XFEL Tools

jddd 13.1/18.7.85 T5.1.2 beutner@mpy1I39161 XFELMainTaskbar.xml

File View Help

A

European

Emittance Longitudinal

Emittance Monitor TDS Monitor

Multi Quad Scan GUI RF Tweak 5

slice Emittance (temp.)

Beam Dynamics
TDS Tool (old)

Multi Quad Scan GUI (old) long. Parameter

_<

Photons

Trajectory
Trajectory Response
Ocelot Orbit Correction

Trajectory Fit Server (exp.)

Beam Dynamics Magnets

Design Kick Server
Optics Calculation

Optics Measurement

85 B

Vacuum Cryo Controls

TDS Injector LLRF
TDS BC2 LLRF
TDS Longitudinal Profile

TDS Bunch No.

TDS BC2 Cond. Overview

Miscellaneous
Image Analysis Configurator
Diag Bunches Inj

Diag Bunches BC2
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Unified Emittance and Optics Tool:
* Projected Emittance

= Slice Emittance (not in B1)

= on-axis measurements

= off-axis (presently only in 1)

= Optics Matching

= Can load old measurement data

XFEL | Emittance Monitor Tool

© EmittanceMonitor
| File EYS0T] |
Tar select ROI
injec . [T
recalculate beam optics

set symetric optics
set TDS optics

current dataset:

ready
no current data

current optics status: check magnet configuration in FODO! e

start measurement

£ off-axis kicking slice emittance "
open laser shutter aser blockec on
activate cameras in I1 not all camera: are ol e

insert off-axis screens in I1

actual beam energy [MeV]:

= |f kickers for off-axis screens are 130 read energy
used a bU nCh number can be magnet reference energy [MeV]:
selected bunch number to kick: train end train end+1
1
IS Injector LLRF
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o7
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105
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(Jo2
o1
12016
12015
12014

vertical [px]

Hide Untagged
All Errors
All ToDo's

vertical [px]

desy.de/XFE g

0.5

olliviZ , vCEO1T

Ed?g_—l € 03.11.201010:40

=

D XFEL e-Logbook +

Status: operation up to B1D with 130 MeV, emittance studies

News: Beam in TLD Dump

optics matching for QI.52.I1 START

twiss parameters:
measuredtarget
beta x|3.342 3.132
beta x|-1.0546 |-0.925
beta x|5.4576 |5.417
beta x|1.7081 |[1.73

matching configuration:

emittance monitor tool matching toward QL52.I1_START

matching quadrupcle|eld k [1/m~2]jnew k [1/m~2]|Delta [1/m~2]|relative [%]|sign change
R-37-I1 -2.3227 -2.3724 -0.049703 -2.1395 =
R-38.I1 2.1256 2.148 0.02236 1.0519 =
RI.46.I1 0.26118 0.25009 0.02831 11.0692 E
QRI.47.I1 -1.0308 -1.154 -0.12316 —-11.9474 =
QI.S0.I1 0.022027 0.35045 0.36842 1672.5703 =
Beam optics matching
200 T T T T T T
0,
50 o
0 L T s— — f \\ . —
36 38 40 42 44 46 50 52 54
z [m)]
3 T T T T T T
llold
new| |
-3 1 1 I I 1 I L
36 38 40 42 44 46 48 50 52

"B ¥ AOOOD

13.03.17 13:34
Search
Advanced Search
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S [ ] [ Figure 43
XFE File Edit View Insert Tools Desktop Window Help

N de W RKIKIDEAL- 3 0E imi

(Gaussian) slice emittance (Gaussian) optical functions

USing ' ” __%__ 3, [myrad] :
can be

[ e SO ﬂ | ] g5
TDS n |

= set

TDS
?f;e',”d TE] | TR

-6 -4 2 0 2 4 6 8 6 -4 -2 0
slice index

ady

1 rent data

nfiguration in FODO! F

08

normalised slice emittance [mm mrad]

slice index

(Gaussian) normalised horizontal phase space

)]

= |

(9]

[0+]
R

slice index = 1:
(Gaussian) normalised horizontal phase space cameras I dare o

'

=

train end+1

0

AL o [ E—
print to elog send to status sarver shica matching M 4
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Multi Quad Scan GUI

quad_scan_GUI

Select a beamline section
\,, Increment: only every nth
injector (OTRC.59.1) B step of the measurement
Select the measurement Scresre - will be taken.
deVice: Screens OI’ WireS? / Cycle only at the end of the measurement (default) B
The defaUIt deV|Ce |S Scan increment (leave empty for default value)
aUtomatlca”y Set for eaCh Safe full resolution pictures (only screen measurement) Chose beam OptICS after
beamline section. ‘ measurement: either design
oo e oommean o “7 | yvalues or beam optics used
before the measurement.
Select the preferred Start the scan
cycling procedure.
Re-evaluation
New button: load and plot
Start the scan 4 Falate s old measurements.
- Opens a file selector GUI.
Match using last results 4 File Selector BCERSS

It is necessary to change
matching quads, wire scan

detectors or something
else? Press ‘edit config file’.

Look In: |23 quad_scan ~| (&) [ (2 [BEE]

C3 2018
3 2019

\ edit config file open directory with prepared files ~ open directory with scan data 3 old_stuff

7

Access to all quad scan
measurement data.

File Name:

Access to the prepared
quad scan files.

Files of Type: |MATHiles (¥ mat) !

Cancel
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Well know measurement presentation
after a quadrupole scan using screen
as measurement devices.

Measurement

Injector (OTRC.59.11) <

Screens <

Do not cycle at all <
Scan increment (leave empty for default value) 1

Safe full resolution pictures (only screen measurement)

Use the following quad

settings after the scan: O (e

Old optics

Start the scan

Re-evaluation

Measurement results for quad scans with screens

Figure 373
File [dit View Insert Tools Desktop Window Help
o W09EA-3A 0@ =0
{Gaussian) normalised horizontal plase space (Ganssian) /N = 0.17437 RMS) normalised hori | phase sp (RMS) x*/N = 0.31892
£ osf : % | - ¥
= \ . & L \“ )
= A H - B S o A / ER "
7\ ) EXx Sel | g
asth ] I\ / = g ~ T
|\ o~ : N o §E
N/: scan steps .
(Gaussian) normalised verti space Gaussian) y*/N = 0.087436 (RMS) x*/N = 0.34657
o
= *- % ' L
< G i X - *
teps
BMAG = O design B Budesin & BMAG O O design B B design
47417607 10579  -09042 09250 29783  3.1320 6.8908e-07 15124  -15736 09250 40980  3.1320
) L2 a3, %y.design B By design 5 Lo o) design
3.8635e-07 10409 17922 17300 54933 54170 55521e07 14422 25051 17300  7.5109 54170
1SOA[Al
Beam optics matching
120 T T T
—old x
100 - oldy 1
—new x|
= 80 7
] new y
I 60
Th tchi ti o
e matching routine ol
uses either the last I T
36 38 40 42 44 46 48 50 52 54

z [m]

measurement or the last

[3:14] Evahuats agen re-evaluation of the I I N B ]
measurement data. 5 IH I I
Match using last results al |H IH
edit config file open directory with prepared files = open directory with scan data . . = = 4.0 = . 44‘ = “ K N
Typical result after matching calculation. This plot
is only shown if the algorithm found a solution.
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XFEL | Measurement results for quad scans with wires

Signals from all wires and for S s s en e s

all measurement steps

oy , ! RO
[ XoN ) Figure 373 - ‘ “c H = 4 C
File Edit View Insert Tools Desktop Window Help > e \ - . ? e e
DEEdS M A0 LEAL- 3 08B @O A : o0 =
f 31 . w0 il ] " 1
(Gaussian) normalised horizontal phase space (Gaussian) x*/N = 2.7895 9 e e T u % o N
- 50 o y b § y ] . 1 "
A g1 G
R S 3 :
= 40 ~% \
S -+ FO o
a5 >/\ q_) i i i 1 et
A3
w0 os s s a fl nle y ; n ; mo| o n
scan steps scan steps 1 it ' § i $ k I 3 ' IJ
(Gaussian) normalised vertical phase space (Gaussian) x2/N = 17.4342 Vo el ] L i j‘" -—j e e T
70 ¥ yimeq ¥ e ¥ e el yimm
o # i . ial | T R - nm. T
= # Ne # 1 ‘ $ : ' ¢ 11 ' il i3 i ] E
= 50 /»< 7 -. i{ : i 1
) KA 3 o S, oL e -—lj ‘h—.
oW Ty == =7 <- Measurement steps -> o
" [
G 05 0 05 1 T2 s 1 2 s
scan steps scan steps

Ex BMAG X Ay ‘ mx.desngn Bx B><.deS|gn

Blue intensity traces indicate that the data from the
5 ™0, [ % | S | B | P respective detector is used for the evaluation.

LTV T BT i BT Thus, saturated signals should be presented in black, which
e e ’ means they are not considered in the evaluation.

Wire(s):

N N The upper plot is shown twice, one plot for each plane.

nt to elog \

\ Normalized phase spaces and
beam sizes as well crucial scan
parameters from the measurement.
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Re-evaluation

[3:14] Evaluate again

Matching

Match using last results

edit config file open directory with prepared files  open directory with scan data

Gaussian) /N = 0.26445 RMS

\!/N = 53.3358 (RM

sk DEVIVIOREIS

& BMAG, | oy | Oydesin , B

/

ar + Br') [ /B
o ]
%
%

Deselecting single measurements

It is possible to evaluate only a selection of the taken data steps.
Write all step numbers that should into that field and press ‘Evaluate

again’.

You can use MATLAB type vector definitions like [3:7]=[34 56 7].

(Ganssian) normalised vertical phase s
Sl = — ) .

5 o \ i. % *
: . Pl e \ ¥

1 o il

& L Oy O design B By desion
54239e-07 17739  -18896  -09250 46521  3.1320

28, % desig By By design
502229007 24265 40381 17300 130898 54170

150LA 4] soLs[A]
24 333

Gun geadfient (W] | Gun phase |
55.6000

C Ll = s design
67450e-07  1.8625  -19637  -09250 45962  3.1320

By By design

B, B,

LU, v . design
90931 54170

% Oy.design
833180-07 18057 25260 1.7300

deg] | bunch charge (nC] | Beam energy (GeV] | Reference paint Screen
-43 0.2500 130Q1.52.11.U OTRC.59.11

N

x x x,design
5.4248e-07 1.7739 N -0.9250 46613 3.1320

B, By desig b1 | Bwac,

5 | BeAG, . 3 "
1.7300 6.2861 54170 5.9034e-07 1.2685

35112007 12371

The first two measurement steps
were taken steps without beam.

1718

Inch charge [nC] | Beam energy
0.2500

v y.design By 2
1.3541 1.7300 48749 54170

1GeV] | Reference point Screen
130Q1.52.1.U OTRC.59.11

AN

After deselecting the first
two measurement steps

Be careful with the
deselection of
measurement steps
and with the following
evaluation of the data!

This functionality must
only be used to
deselect measurements
steps that went clearly
wrong (e.g. no beam).

It must not be used to
deselect ‘unwanted’
measurement steps to
improve e.g. emittance
size or beam optics
matching!
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Beam Optics and Emittance

European

XFEL

Camera Server Issues
 XreL Comers Oveniews V]
XFEL CAMERA STATUS

Server

[l XFELCPUDI30I1
0.60 % .50 % 0.50 %

XFELCPUDI24I1 |] XFELCPUDI204B1 [l XFELCPUDI240L2

87.78% 0.60 %

|] XFELCPUDI418B2 [I XFELCPUDI46382 I]XFELCPUD11519L3 I]XFELCPUDHE»MLB "XFELCPUDHTEOCL
0.40 % 0.40 % 0.40 % 0.30 % 0.40 %

|] XFELCPUDI1828CL [l XFELCPUDI1926TL I] XFELCPUDI2017TL
0.20 % 0.40 % 0.40 %

Cameras on: XFELCPUDI5511 @ = All OFF

_Name Images  Light Power Server

OTRL.50.11

=

Control

OTRC.64.11D Control

OTRC.59.11 Control

OTRC.58.11 Control

=

OTRC.56.11

=

Control

OTRC.55.11 Control

OTRL.48.11 Control

OTRD.64.11D Control

=

00000000
ENENENENENENENES
ENENENERENEYENES

Check CPU load

Only the 4 cameras in the section
should be powered

Deactivate image acquisition

" . commonAll_In_One_Camera_Expertxm| XFELDIAG/CAMERA/OTRC.55.11/ C=afea X

IXFELDIAG | v |camerA [~ |otRC 5511 v _Guru |
Back

XFEL.DIAG/CAMERA/OTRC.55.11/

(Camera ID: 22003129 Offline

Offline

Camera Connection arams

Server Power
On | _Off .

Images

w: [IEGEIREN H: iSsEn 16 Start / Stop
WD Server Timer Properties Print Frame

0

Expert

21.01.2020 BKR
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Scale XIY

vl _XScale
v|] _YScale

__image comp. jpeg
ol - hdl Flip:

rotation: VIH
90 ~| Cv

Tool Box

BG. Subst.
] Histogram
X &Y Spectrum
] rROI1| [] ROI2
Write Images
Write ROIs

Trigger Gain DAQ

Activation

RisingEdge v | Auto 1Y
Sender: OFF

Acquisiton (def=off) Frame
Off v On v

Src :Line1 v| src [Linet =

Rate [Hz]: 0.0 FEL.DIAGICAMERA/OTRC.55.11/GAI
Delay %r FrCnt ml llegal property

v| Cfg Restore Camera SN: |22003129

llegal property
Camera IP: [ISHEISTORERN Interface IP: [IEGEISTORETIIN

Acqg. Mode Exposure K Lev: Binnin:
: Auto > Mode SeleBt:Itaocrk . X L Y
[singleFrame v v > | v| bin al bin mal
: ‘ Value Value Offset Width Offset Height

llegal prope!
Configuration Rate Control Image Format

e AT A TATA A LA TATATATIE A TAY
[ Doocs | Camera in [Mono8 v| Truncate ;1.00000000E+0

AR 1 out [Mono16 v camma U9.906

User2 v

SAVE | Holdoff | LoAD | Bandwith(B/s) Pixels 4077500
Max Raw Size (B) [IEHEIRGHEN
AANAAN Act
AutoSave (sec) + —
VVVVY | MTU |8228 R4 TestImage Nl

29\ (7 ueLmHoLTZ
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Beam Optics and Emi

European

XFEL

ttance

Camera (Server) Startup

" . commonAll_In_One_Camera_Expertxml XFELDIAG/CAMERA/OTRC . commonAll_In_One_Camera_Expert.xml XFELD]AG/CAMERA/OTRC.SSJI!' . commonAll_In_One_Camera_Expertxml XFELDIAG/CAMERA/OTRC. 5.[_\
XFEL.DIAG w |CAMERA w |OTRC.55.11 v XFEL.DIAG v |CAMERA w |OTRC.55.11 v XFEL.DIAG v |CAMERA w |OTRC.55.11 v Guru J
Back
XFEL.DIAG/CAMERA/OTRC.55.11/
ICamera ID: 22003129 iICamera ID: 22003129 ICamera ID: 2ZBasler avA2300-25gmDSY#0030531E90... Sensorboard v| 31.0 °C Online
Offl Offline Offline
Camera Connection Params Camera Connection Params Camera Connection Params Images
Server Power . . Server Power : . Server Power . :
on|_off -75,,2._7 w: [N -: S start up .75,,2._7 w: IR H: IS 16 onlLof -75{»17 W: 2360 H: 1776 16 Start/ Stop
Camera WD Server | Timer | _Pr Camera WD Server Timer Properties Camera WD Server Timer Properties Print | Frame
0
Scale XY
v| _XScale |
V| _YScale
image comp. jpeg
off =
- lip:
rotation: JIH
90 v v
Tool Box
BG. Subst.
Histogram
X & Y Spectrum
ROI 1 ROI 2
Write Images
Write ROIs
Acquisiton (def=off} Frame Trigger Activation Acquisiton (def=off} Frame Trigger Activation Acquisiton (def=off} Frame Trigger Activation S Dad
isi = ivati isi = ivati isi = ivati
off v| [on ~| [RisingEdge off ~| [on ~| [RisingEdge v Autfil [off ~| [on v | [RisingEdge — Auto |Off v
Src |Line1 w| Src |Line1 v Src |Line1 w| Src |Line1 v Src |Line1 w| Src |Line1 v Select |All v Sender: OFF
Rate [Hz]: 0.0 annnaalll Rate [Hz): 0.0 reLDialll Rate [Hzl: 0.0 ANAAAN A ANAAAA V. $24
- alue
oeiey ABHAMED: ot (INGHS oclay EENAD= rrcoe GINORA1 [0 | max 23) Do 500000 FromplUTT b9l
v| Cfg Restore Camera SN: 22003129 cam|| [ Cfg Restore Camera SN: 22003129 Camera IP: v| Cfg Restore Camera SN: [22003129 CameraIP: 169.254.70.10 Interface IP: 169.254.70.1
Acq. Mode Exposure Blac | Acq. Mode Exposure Black Level Acq. Mode Exposure Black Level Binning
Auto Mode Selector Auto Mode Selector Auto ode Selector X AAAAA ANAAN Y
v v - v v off |w| |Timed |w| |AN v bin + bin +
SingleFrame v SingleFrame v Continuous v VYWY VWYY
Vaive Value Vaive = Vaiue e NSfset Wi | Offset  Height,
XFEL.DIAGICAI XFEL.DIAGICAI /\/\/\’\886 R e 0 2330 e 0 1750
llegal prope llegal prope w8900 R [AVIVIV RV v [IVIVIVE VT 2227
Configuration Rate Control Configuration Rate Control Configuration Rate Control Image Format
Doocs Camera Doocs Camera M Doocs Camera On Mono8 o9 886886881318
n ANAAAA R Mono M Truncate V%'Vvvvvvvv vV
User2 v Framels 1 User2 v Framels 1 out M User2 v Framels & Out |Mono16 - Gamma M
SAVE | Holdoff | _LOAD | (Bls) SAVE | Holdoff | _LOAD | (Bls) Pixels 4 SAVE | Holdoff | _LOAD | i ) Pixels 4077500
AR Max _ AR Max S Max 139233292 Raw Size (B) 4077500
AutoSave (sec) + Act AutoSave (sec) + Act AutoSave (sec) + Act 112497834
AN MTU 8228 v AR MTU 8228 v VVVVV MTU [8228 v Four v TestImage |Off v
21.01.2020 BKR & neLmnowrz
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Beam Optics and Emittance

European . ]

XFEL | Camera Default Values =

" . commonAll_In_One_Camera txml X C 7] Pt

XFEL.DIAG v |CAMERA v |0TRC 5511 v _Guru |

Default Values of cameras are set | ]

XFEL.DIAG/CAMERA/OTRC.55.11/
ICamera ID: 2ZBasler avA2300-25gmDSY#0030531E90... Sensorboard | v| 31.0 °C Online I

if Emittance Monitor is used to

Camera Connection Params Images

.
Server  [@]Power g :
activate them o o Cwee  wms
Camera WD Server Timer Properties Print Frame
0

Proper settings:
= |IN: Mono12Packed

= OQOUT: Mono16
= Truncate: -1

Scale XY

vl X Scale
[v] ¥ scale
image comp. jpeg
T
of 1> pip;
rotation: '
90 [~] 4%

L

Tool Box

| BG. Subst.
| Histogram
[]__Xx&Y Spectrum
[] ro11 ROI 2
Write Images
Write ROIs

. Trigger L Gain DAQ
Acquisiton (def=off} Frame Activation

IO" lv On v‘ [RisingEdge ‘v Autooff—‘T
src |Linet  |v| src [Linet  [+] e |

= Exposure: maximum 1000

= Acquisition: off

Rate [Hz]: 0.0 AAAAAA A ANAAAN 288
Value
H Frame- On (max 27.3) ety \tvvvvg'g FET tvvvva %ég
- —
lv] Cfg Restore Camera SN: 22003129 Camera IP: 169.254.70.10 Interface IP: 169.254.70.1
“ 1] . Acq. Mode Auto Expos#ﬂ%ede SeleEiCI ocrk Level X AR Binning AR Y
. OO0l bOX CheCKDbOXes: O Continaows =] O[] [fmed [~] [ay ~ b § bin 3
. Continuous - J 1 1¥| vvvy vvvy
Value o AQfset  Width | Offset,  Heiont
AANANDA AANAAAA
vy 8000 — Tuwed 38330 | S0 $3T80
Configuration Rate Control Image Format
Doocs | Camera [Jon m [Monog |+ | Truncate —1.00000000E+0
AAAAAA o YYUVYYVVETY
|User2 E Framels ¢ ., 64 Out |Mono16 (> Gamma M
SAVE | Holdoff | LOAD | i ) Pixels 4077500
S Max 139233292 Raw Size (B) 4077500
AutoSave (sec) A Act 112407884 - v .
VVYYY MTU 8228 v [Four !v Testimage |Off v

21.01.2020 BKR s ueLmuoLrz
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European

XFEL | Image Analysis Server Expert Tool

Beam Optics and Emittance

Check if you can see images updating in “Continuous” mode

In case of problems => restart image analysis server via the Doocs
watchdog (call expert RC, BB, J. Wilgen, or any controls person with

B 8

Beam Dynamics Magnets Vacuum Cryo Controls

pern ==

Camera I

21.01.2020

Bolko Beutner, Matthig

BKR

0.95 load DAQ T .
ools Virtual XFEL
3d 22h 36min R e L 15078 e (oot ks 957 (i eaton 4820 19.10%
I ) 0 erors e DAQ data GUI VXFEL Main Taskbar
60.0 Extract & Tape Tool VXFEL Simulation Overview
FLASH | PETRA| SINBAD| LINAC2| ALPS| E l £
XFEL | DESY2| REGAE| ANGUS| Lab | SALOME|| 2003 _,_____-l I____ l
10,0
XFEL.SYSTEM v [XFELCPUDISSI1WATCH |+ SVRWATCHDOG SVRBPM  SVRX2TIMER
B commonFCT_CODE_117.xml XFEL.SYSTEM/XFELCPUDISSIN.... (]
|sorted  showerr| pier. |[(?'DEVGRP)" Histories terminal login
—= 1 kil b - SVRIMAGEANALY SIS v | [imageanalysis_server W on
SVR.BLMDMA ok |/ oniine Gt0ass978 locations | .
control | wp properties | CPU:22.08% sleeping 0 errors o
SVR.BLM ok |V/ online 610483979 Lﬂonsl ’ Change: [0 SetInt: 0=ok, 1=error, 2=off, 3=wam, 4=2.mode, 6=offline
- ) ; uiD: GID:
control | __ W properties _| CPU:5385% sleeping JEIE Progmm: e a5  PID: NICE: PR  STATE: L
SVR.BHM ok |/ online 610583979 locations ?f‘fg“n‘:o" 49 ;; ,i’;g 2720 0 20 2 [ \
Customer: 0 0
control | wp properties | CPU:23.08% sleeping 0 errors
v SIZE: 2231912 kb CPU-Util: 1.60 % Y
Onli 610489147 locations r
e ok mine RSIZE: 77484 kb time: 524598 msec
control | __ W properties | CPU:1.70%  sleeping LI START_SIZE: 2158180 kb Reset STARTUP_SIZE |
SVR.X2TIMER ok V/ oniine 610459682 ocations Restarts (RPC): 7 N. Bl - ook servererrors [ o oo
control | WD properties | CPU:1.10% sleeping 0 errors SVR_Errors: R 0
RPC LIBNO: 610489147 SVR LOC: [XFELCPUDIS5I1 _SVR
SVR.DAMCBPM ok |/ oniine Gt0s4a570 locations | =
. - Waittime for 120/~ Min 150/ tail log-file
control | WD properties | CPU:10.39% sleeping 0 errors _Check [~ timedelay =]
after start for restart
SVR.SIS8300DMA ok W/ oniine  stosssez0 _locations | | 5‘!'?',2'_‘5{,90,( ' 2 restarts ' 2|5 edit conf
control | W properties | CPU:370% Sleeping 0 errors s
Last Start Times: Statistics Start and Online
SVR.ADCSCOPE ok V/ onine 61045781 _locations_| A2 Authorization Restart Server 'top and Offline
2010-11.26 10:32:36 Logging Start | Stop | Kill Server
: beut 1139161
Crates: XFEL | FLASH | SINBAD | rpc test eutner@mpy S—
YSIS/XFELCPUDISS5I1._SVR. C |
ocs start imageanalysis_server
export/doocs/server/imageanalysis_server/imageanalysis_server.PID ﬁ HELMHOLTZ
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Beam Optics and Emittance

European

XFEL ] Camera Lifetime

° ,
Cameras die fast! R re:
= On average each camera was - i
exchanged once during the injector run % °™" K

= Deactivate cameras every time you
don’t need them for a foreseeable time E
= Emittance Monitor Tools gives a list off
all activated emittance cameras at o e
shutdown and offers to close them ] -
= Do it.... bs
9
21.01.2020 BKR TR 9 £ weLmmourz -
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1 Beam Optics and Emittance

European

XFEL

O
n Chuit r
H 5
1
Yes MO Cancel
1€ |
_—
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1 Beam Optics and Emittance

European

XFEL

Thank You for Your Attention...

Literature:

M. Minty and F. Zimmermann, “Measurements and control of charged particle beams”,
Springer, Berlin, Heidelberg, New York, 2003.

F. Loehl, “Measurements of the Transverse Emittance at the VUV-FEL”,
DESY-THESIS 2005-014, TESLA-FEL 2005-03

J. Rossbach and P. Schmueser, “Basic Course on Accelerator Optics”

21.01.2020 BKR (48 £ weLmmovrz
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Beam Optics and Emittance

European

XFEL | Measurement Theory

Beam size at point i as a function of initial

beam moments: <x?>:[ N x?,)]{ ,jgﬂ@f)]Jr[szleQ[x(,x{,)]

. . x3) /e,
From the beam moments emittance (and N : Peo _ _< °>,/
, T ex =/ (2) (6*) — (zoxp) Oz | = | — (@oxp) /e
twiss parameters) are determined: o (x}?) /e,
7 DY 4 N ( ~\
. 2 L /.2\ | pl 34,2 1 1 2 1 pl .
In an ideal measurement three data | 2.1 = (+1) 5 By 7o) it Rz | {26°) H{ 2R Ragf (o)
2 2 2 2 2 1 2 2 2 )
points are sufficient: 0o [ (3) = Ruz ) 12| {20 [+ 2R3 R (o)
= <~Tf§> = BRI 4e0) 1 Bis] 1’62> H 2R}, RY,|(froxp)
—— N — J L \Z _/

[

-
- 2R‘i1R'ii, 370376>

-4

In a real measurement more

then three data points are taken and 2 _ Z
the beam moments are determined i
by a least square fit:

unknowns to be determined by the measurement
determined by diagnostics (screens / Image Analysis Server/ wire-scanner)

provided by beam dynamics (Optics Server)

21.01.2020 BKR (48 £ weLmmovrz
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Beam Optics and Emittance

European

XFEL | Screen Station for European XFEL

monitor setup

dot grid target(spot @ .50mm)
200um thick LYSO screen (on-axis)

2 h§lf 200um thick LYSO screens (off-axis)

f=180mm for 1:1
~ e a f=120mm for 1:2

otrc_55_i1 II installation

el Example: 2 bunch operation
" second bunch is kicked

| —]
600 ==
=
800 ’
1000 L5
optical | 1200 7/1
1400 -
1600
1800
2000 . .
on-axis screen off-axis screen
2200
on geometry
200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600 )
lution
unction)
200’[ - IB Slide thanks to G. Kube
& g Ch. Wiebers et al. Proceedings of
W ™ IBIC2013, Oxford, UK

21.01.2020 BKR (48 £ weLmmovrz
Bolko Beutner, Matthias Scholz , DESY O | ASSOCIATION



Beam Optics and Emittance

European

XFEL|] Tool at Start-up

(@] O % | "EmittanceMonitor"
R2013b (8,2,0,701) B4-bit (maciBd4) File Setup N
August 13, 2013
injector ¢
To get started, type one of these: helpwin, helpdesk, or demo,
For product information, visit www,mathworks,com, status: ready
Lt 9 e . current dataset: no current data
load ROI configuration
calculate transfer matrices in I1 ;
Elapsed time iz 0,612424 seconds, current optics status: Phase Advance: 76.28 deg / 74.69 deg
phase advance in x/y : 76,28 deg / 74,69 deg
periodic solution in FODD at OTRC,55,I1 :
beta x/y = (2,3503,2,9357)
alpha x/y = (1,2222,-1,4439) start measurement
set section,,.
load ROI configuration
calculate transfer matrices in I1 close laser shutter
Elapsed time is 0,319308 seconds,
phaze advance in x/y : 76,28 deg / 74,69 deg .
periodic solution in FODD at OTRC,55,I1 : deactivate cameras in |1
beta x/y = (2,3509,2,9357)
ilpha xfy = (1,2222,-1,4439) remove screens in |1
v off-axis kicking slice emittance
v take new background
v automatic gain control
match beam
magnet reference energy [MeV]:
sotanl e Bl s 1 train end train end+5
21.01.2020 BKR “®\  # ueLmHoLTz
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Beam Optics and Emittance
European
XFEL | Problems

Screens Inserted correctly / Cameras activated / ...
= Use buttons on the tool

Is the Orbit good?

= Check if beam is on screen?

* |n case of off-axis measurement try on-axis

= or start kickers manually

Are the magnets properly set?

= Strength and magnet energy
=> check phase advance

projected emittance: (76/76) deg
slice emittance: (76/45) deg
Are the cameras working properly?
Is the Image Analysis Server in operation?
= ROI configuration?

21.01.2020 BKR (48 £ weLmmovrz
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Beam Optics and Emittance

European

XFEL | Orbit Problems

Area of off-axis screens is smaller

= Make sure the kicked beam
hits them

Screens in B1 and B2 are of the same
size but the imaging on the chip is 1:1
(factor 2 in each plane compared to 11)

* Field-of-view is 2.54 cm in diagonal

otrc_55_i1_off_axis

200
400
600
800
1000
1200

1
1400 B1and B2 1
1600 ' field-of-view !

1800
2000

2200

field-of-view
200 400 600 800 1000 1200 1400 1600

= |[f beam is not visible insert screen in question and

move beam with orbit correctors

21.01.2020 BKR
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European

XFEL|] Energy Setup

21.01.2020 BKR
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Beam Optics and Emittance

(@ @ EmittanceMonitor

File Setup v g
injecto d |
injector [T | t
status: ready |
current dataset: no current data ¢
1

current optics status: Phase Advance: 76.28 deg / 74.69 deg

start measurement

close laser shutter ‘
deactivate cameras in 11 mera ]
remove screens in |1 ax 15 in 11 in
7 off-axis kicking slice emittance
(7 take new background use "Optics Server"(TM

ully remove screen: 2 automatic gain control

match beam

bunch number to kick: '

1 train end train end+5

———— |

ﬁ HELMHOLTZ
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1 Beam Optics and Emittance

European
XFEL | Manual Setting of energy
L NN EmittanceMonitor
File Setup ¥
injector v
status: ready
current dataset: no current data

current optics status: Phase Advance: 76.28 deg / 74.69 deg

start measurement

close laser shutter pel
deactivate cameras in |1 : \
remove screens in 1 : 1 11 in
v off-axis kicking slice emittance

7 take new background [ Server"(TM

7 automatic gain control

match beam

magnet reference energy [MeV]:

bunch number to kick: . .
21.01.2020 BKR 1 train end train end+5 SO\ weLmnourz
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1 Beam Optics and Emittance
European
XFEL | FODO Configurations

|1 from 55 to 59m  (horizontal kick)
» Projected: (76/76) deg i
Gen. kick = (-0.8382, +0.8382, -0.8382) rad/m '0
= Slice: (76/45) deg
Gen. kick = (-0.6271, +0.7792, -0.6271) rad/m

B2 from 444 to 459m (vert. kick)
» Projected: (76/76) deg
Gen. kick = (+0.3310, -0.3310, +0.3310) rad/m

If phase advance values are not correct check magnets and energy — and
recalculate optics model in tool!

21.01.2020 BKR (48 £ weLmmovrz
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Beam Optics and Emittance

European

XFEL

Optics Options
00 EmittanceMonitor

calagrt RO
recalculate beam optics

injeg

e ready
set TDS optics
current optics status: Phase Advance: 75.96 deg / 75.96 deg

I

1

|

)

|

]

1

no current data !
|

|

|

)

start measurement 1
]

close laser shutter T

deactivate cameras in 11

remove screens in |1

7 off-axis kicking slice emittance

7 take new background ) Server"(TM
ully ret 71 automatic gain control

match beam

actual beam energy [MeV]: 130 read energy

magnet reference energy [MeV]:

bunch number to kick:

1 train end train end+5

21.01.2020 BKR
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Beam Optics and Emittance

European

XFEL | ROI Configuration Tool
[ NON ) Figure 2
File Edit View Insert Tools Desktop Window Help ¥
D de h &S DR AL- 2 0E o @

mark screene edgeline

200
400

600
File Edit View Insert Tools Desktop Window Help ~
800 . N5
Ndde M A0 LEMA- 2 0E @
1000
mark screene edgeline
1200

1400 200

1600 400

1800 600

2000 300

confirm

2200 1000

200 400 600 800 1000 1200 1400 1600 1200 oo

1400

1600

1800

2000

2200

00 1000 1200 1400 1600
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European

XFE

Beam Optics and Emittance

On-Axis Projected Measurements

°ce rtance Measure 4 Optic Metehing i (Revision: 82:121) XFEL
View Measurement  New Measurement Match Optics @40+
View Measurement New Measurement Match Optics @ 40+
tmuance | Gror | B | Gror | Abh | bror | WAG | B i0s00 Apha s
E— - horzows | 16340 0.0489 23554 0.1162 1.2616 0.0650 10296 24228 1.2902
Start measurement 0155 o ‘ s vertcal 17158 0.0176 23517 0.0407 -1.0396 0.0152 1.2893 2.7787 -1.0193
TST.TESTO1 8;38 23 H Summary plot Data piot 1 9 Auto zoom Set Beamparam.  Restore quads = X  Current energy in optics server @OTRC.55.1 130.324
Start with pause OTRC.59.11 [2016-07-11T183905-OTR 55-59.1
hor. normalised Phase Space 2016-07-117182933-0TR 55-59.11
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