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@ wemours Introduction 2o

FLASH

«  Workshop on “Characterization of High Brightness Beams” from 26.-
to 30. May 2008

« (Goals:

— get a common basis on data taking and data analysis and be able
to produce comparable results allowing transmission of results of
one facility to the others

— review experimental results and get some light into the theory,
including beam dynamics near to the cathode (what is believed to
be true and what is in the simulations) and the definition of the
quantity thermal emittance.

— for comparisons of measurements with corresponding simulations
find out what are the most critical parameters in the different
simulation codes for tuning them to the measurements, report the
state of the art of slice emittance diagnostics

— describe COTR in detail and try to find theoretical explanation

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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« (Goal was the comparison of
emittance measurement methods
and the definition of common
methods

« Description of data taking and
analysis techniques of different
labs

 Emittance calculations with data
from one lab and the methods of
another

Beam Dynamics Meeting 9.6.2008
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Draft agenda for Monday (May 26™, 2008):

230-9.00 Welcome, Organizational, and Introduction to DESY. Zeuthen site
0.00-10.10 SLAC talks on data taking and data analysis:

al) Henrik Loos: “Emittance measurement and analysis tools for LCLS™ = 35+10 minutes
a2) Henrik Loos: “Analysis of FLASH emittance measurement data with SLAC tocls™ =
15+10 minutes

10.10 - 10.40 Break

10.40-12.10 SPARC talks on data taking and data analysis:

al) Andrea Mostacct, "Movable emittance-meter data analysis methodology and emsttance
computation from measured phase space analysis” = 35+10 minutes

a2) Enrica Chiadroni, "Application of SPARC data analysis tool to benchmark data” =
15+10 minutes

a3) Valeria Fusco, "Spatial autocorrelation as a transverse beam quality factor” = 15+3
minutes

12.10-12.35 Additional contributions
- Thorsten Kamps: "Beam Diagnostics for the SEF photo imjector” = 15+10 minutes

12.35-14.00 Lunch break

14.00 - 13.45 PITZ talks on data taking and data analysis:

al) Lazar Staykov: “Data taking, data analysis and results of emiftance measurements at

PITZ” = 35+10 minutes

a2) Sakhorn Rimjaem: “Analyzing SPARC data with PITZ analysis tools™ = 8+3 minutes
Foman Spesyvisev: “Analyzing SLAC data with PITZ analysis tools™ = 845 muinutes
Galina Asova: “Analyzing FLASH data with PITZ analysis tools™ = 3+3 minutes

a3) Mikhail Krasilmkev: “Principal limitations and systematic deviations regarding the slit

measwrement method” 2 1543 minutes

15.45-16.15 Break

16.15-17.50 FLASH talks on data taking and data analysis:

al) Christofer Gerth: “Emittance measurement and analysis tools for FLASH™ = 35+10
minutes

al) Christofer Gerth: “Analysis of LCLS emiftance measurement data with FLASH tools™ 2
15+10 munutes

a3) Yauhen Kot: “Optics solutions for the XFEL injector diagnostics™ = 15+10 minutes

Bolko Beutner, DESY
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+ Factors affecting slit scan measurements: Reconstruction result
Factor Effect on measured emittance | Solution/remark o MENT algorithm used over each set, 20 iterations
, o Mean value and standard uncertainty calculated
Phase space -10..-30% correction term
nonlinearity experimentally ~-2..-3% =) )
Scan step dx ~1% if dx<200um dx~100um i i E *F 2
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measured emittance overestimation

Basic phase space shape is very similar, peculiarities differ.
« There is an influence of the intensity (charge) cut (not discussed here) The effects of the ROI should be studied.
resulting in the emittance underestimation (i,e. -5..-30% for 5% charge cut) Tomo FLASH data, CHHE 7

PITZ phase space tomography (G. Asova)

M.Krasilnikov, CHBB-2008 25
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FLASH Data Analysis

loos@slac.stanford.edu



(0@

G wemourz Monday Il £

FLASH

| | SPARC Data Analysis of PITZ Dat
|Anal}?81s RIS 29 ANAYSIS O ata

G
4
-M""““""MW
1 /’[“ 0 SPARC analysis -
ﬁ <) 324 f % O PITZ analysis L |
F ] i Rt s b ld i e
frei 254 uniform background from part of 391 ] i i i s sy anead
284
e 2 5 10 15 20
» Minimum vertical emittance at z=1687 mm = 22'. |
E -
» Emittance uncertainty: use beam size uncertainty value fr € 2p] T I
divergence uncertainty from 15 beamlet images E 1.8 I ) l
o 1.6
14] T ]
a S [ o
i + EmitY (PITZ + uniform backgroun ::'g [ 1
| : A Yrms (PITZ + uniform backgrount IID:B- =
‘E‘ o P {77 « EmitY (SPARC) 366 368 370 372 374 376
g L SRR SRR i HmsiSEARE) Solenoid current [A]
.
E 50 100 150 200 250 300 350 400 450 500
E "Characterization of High Brightness Beams"
g enrica.chiadroni@lnf.infn.it DESY-Zeuthen, May 26-30, 2008 14
=
E | + - F dthmmszzeJ i LidivergmuJ
2 2H r
Y?’PHS Yrms
PITZ Data Analysis of SPARC Data
of the beam at this position and the chosen area for background image is
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S. Rimjaem Analyzing SPARC data with PITZ analysis tools 8

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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 Discussion on emittance measurements to define common
standards on:

— Beam size measurement (camera system)
— Beam size analysis (image analysis)

— How to cut charge profiles?

— Comparison of ROI procedures

— What kind of data should be stored?

— Background subtraction

— Simulations

— Systematic uncertainties

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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« Experimental results on beam
dynamics near the cathode

— Thermal emittance
— QE
— Schottky effect

« Discussion on:

— high QE against small thermal
emittance

— other cathode types

Beam Dynamics Meeting 9.6.2008

Wednesday 3%

Wednesday, May 28"‘, 2008

Subjects: QE and thermal emittance

Goal: review experimental results and get some light into the theory. including beam
dynamics near to the cathode (what is believed to be true and what 15 in the simulations) and
the definition of the quantity thermal emittance.

Possible realization: people from different groups report about experimental results, someone
will report what is done in the different sumulation codes, there are new developments
ongoing at SLAC for a better understanding of the thermal emittance which probably can be
reported.

Draft agenda for Wednesday (May :s“’, 2008):

830-1030

Luea Cultrera, "Characterization of SPARC photo injector cathode" = 20+10 minutes
Giancarlo Gatti, "Thermal emittance measurement for Cu photo-cathode at SPARC" 2
20+10 minutes

Sven Lederer: "QE at PITZ and FLASH" - 20+10 minutes

Sven Lederer: "Thermal emittance studies at PITZ" < 20410 minutes

10.30 - 11.00 Break

11.00-12.30

Cecile Limborg-Deprey: "QE and Thermal Emittance Measurements for the LCLS Injector”
= 40420 minutes

Weishi Wan: "The Photocathode R&D Program at LBNL" = 20+10 minutes

12.30—-14.00 Lunch break and taking a photograph of the workshop participants

14.00—-16.30

Xijie Wang: "Magnesium Cathode QE Characterization and Thermal Emittance
minimization With Oblique Incident Optics at the NSLS SDL" < 20+10 minutes

Fomain Ganter: QE measurements from metallic cathodes in Pulsed Diode Gun
configuration = 20+10 minutes

Yujong Kim: Realistic Thermal Emittance Measurements at the Low Emittance Gun (LEG)
Test Facility for PSI XFEL Project = 20+10 minutes

Jang-Hui Han: "Electron emission features in simulation codes” = 20410 minutes

Ivan Bazarov: "Thermal emittance and response time from negative electren affinity photo
cathodes" - 20+10 minutes

16.30—17.20 working break and general discussion:
- high QE against small thermal emittance
- other cathode types

17.20 - 18.00
Hiromitsu Tomizawa on

a) fiber bundle laser shaping with backward illumination

b} electron emission wsing z-peolarized laser and photo voltage effect
= 30+10 minutes

Bolko Beutner, DESY
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I FLASH

Photoemission - QE and Energy
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Measured emittance on February 27th. 2008
normalized horizontal emittance ~ 0.29 * 0.014 pm
normalized vertical emittance ~ 0.26 * 0.013 pm

When we scanned MSL40 several times with the same (or similar) machine conditions,
measured emittances were reproduced three times on February 27th, one time on
February 28th, and one time on March 4th.

Their range was about 0.18 + 0.011 um ~ 0.29 + 0.014 um.
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Low Emittance Gun based PSI XFEL Project - Yujong Kim of Swiss Light Source, Switzerland —
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Preparation of the Cs2Te film

* substrate: polished Mo-plug

« during preparation plug stays at 120 deg C

« deposition of 10 nm Te
« starting Cs evaporation

= during Cs deposition monitoring of QE
» max. QE — Cs evaporation stopped

for each cathode diagnostic after deposition:
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Cs,Te photocathodes

Quontum Efficiency

Characterization of High Brightness Beams,

Roughness: Ra ~ 2 nm
Peak to Valley: 20 nm
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Comparison with Theory
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« comparisons of measurements with
corresponding simulations

« Definition of critical parameters in the
different simulation codes for tuning
them to the measurements

» report the state of the art of slice
emittance diagnostics

Beam Dynamics Meeting 9.6.2008

t
Thursday, May 29, 2008
Subjects: simulations and slice emittance diagnostics
Geals: for comparisons of measurements with corresponding simulations find out what are

the most critical parameters in the different simulation codes for tuning them to the
measurements, report the state of the art of slice emittance diagnostics

Possible realization: the different groups report about their experience in comparing
measurements with simulations and their slice emittance measurement tools

Draft agenda for Thursday (May 20, 2008):

830-1030

- Mikhail Krasilnikov: “Comparisons of measurements and simulations for bunch charge vs.
phase, transverse beam size vs. solenoid current, and emittance as a function of various
machine parameters (solenoid current, gun phase, cathode laser transverse size) at PITZ” 2>
20+10 minutes

- Juliane Rénsch: “Comparisons of measurements and simulations for bunch temporal
profiles, beam longitudinal momentum profiles and longitudinal phase space at PITZ” >
20+10 minutes

- Concetta Ronsivalle, “Transverse beam dynamics simulations vs. measurements in the
SPARC emittance meter” —» 20+10 minutes

- Daniele Filippetto, “Longitudinal beam dynamics simulations vs. measurements in the
SPARC emittance meter” —» 20+10 minutes

1030 —10.30 Break

10.50-12.50

- Henrik. Loos or Cecile Limborg-Deprey about comparison of transverse phase space in
simulations and measurements at LCLS = 20+10 minutes

- Zhirong Huang: “Measurements of CSR and its Impact on the LCLS Electron Beam™ =
20+10 minutes

- Eduard Prat about comparison of transverse phase space in simulations and measurements
at FLASH - 20+10 minutes

- Bolko Beutner about comparison of longitudinal phase space 1n simulations and
measvrements at FLASH = 20+10 minutes

1250 - 14.00 Lunch break

1400-1535

- Ivan Bazarov: "Space charge codes benchmarking using a DC gun” = 15+10 minutes

- Henrik Loos on the LCLS slice emittance measurement method = 10+10 minutes

- Michael Rdhrs on the slice emittance measurement method and results at FLASH = 20+20
minutes

1525 - 1530 Break
15.50 - 18.00
Yevgeniy Ivanisenko: “Slice emittance measurements at PITZ using energy chirp in booster™

= 10+5 minutes

Foman Specyvtsev: “Slice emittance measurements at PITZ using quad scan with streak
readout”™ = 10+5 minutes

- Barbara Marchetti. "Slice emittance measurements at SPARC" = 20+20 minutes

Bolko Beutner, DESY
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e CSR Studies at LCLS

Bunch compression measurements

sth after BC1 (250pC)
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Measurements of CSR and its impact
on the LCLS beam
Z. Huang

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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SPARC

Thursday V

Slit energy measurements Vs sims

Verify the feasibility of the experiment and make a first test.
Central slit selected (maximum energy spread)
Two different phases and two different beam charges used.
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Concetta Ronsivalle,
ENEA Frascati

Beam Dynamics Meeting 9.6.2008
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Slice emittance
measurements at LCLS =>
H. Loos

Comparison to numerical simulations

Current profile: Adaption of the RF-
Slice emittance

Thursday V 2o

|
LN —

Slice Emittance Result 1.2mm Iris, 35
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Simulations with ASTRA (K. Fléttmann) and CSRTrack (M. Dohlus)

Veuthen, 29.05.08 Michael Réhrs

<= M. Roehrs
Measurements at FLASH

0.15

Bolko Beutner, DESY

michael.roehrs@desy.de
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» Description of COTR effects in
different labs

* Theoretical understanding

« Effects on beam diagnostics
— Emittance measurements
— Matching

« Discussion on mitigation of
such effects

Beam Dynamics Meeting 9.6.2008

Friday

(0@
| DESY |

oY

Friday, May 30", 2008

Subjects: 1) COTR (coherent light at visible wavelength from view screens)
2) ta be defined

Goal: describe COTE 1n detail and try to find theoretical explanation.

possible realization: SLAC will report about their findings in detail, in the meantime also
experiments at FLASH will be performed to look for the effect and the results will be
reported, some theoretical werk on this effect 13 ongoing at SLAC and can be repotted,
SPARC and PITZ will probably not have possibility to study this effect

Draft agenda for Friday (May 31}[h, 2008):

8.30-10.00

Josef Frisch: "SLAC observations of COTE" = 20+10 minutes

Zhirong. Huang: "COTR from lengifudinal space charge microbunching mstability" =
20+10 minutes

Heanrik Loos: "Imaging of micro bunched electron beams with COTE" 2 20+10 minutes

10.00 - 10.30 Break

10.30-12.30

Bolko Beutner on findings on this topic at FLASH = 20+10 minutes

Discussion:

- Impact of COTR on beam diagnostics for high brightness electron beam facilities
- Mitigation of COTR effects in OTR based beam diagnostics

- Alternative diagnostic methods for optically bunched beams

Bolko Beutner, DESY
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y (mm)

E COTR at LCLS | %

oY

Frohle Monitor O 1 KS:LIZ5:342 13-Jan-20U8 15:38:4Y

)

‘7

10

0
COTR Spectrum after BC2
-5
- Normal operating conditions 1. Monitor OTRS:LI25:342 22-May—2008 17:42:01
_15 Diffraction grating spectral
stripe

-20 . . Some light at shortest

-25 -20 -15 -10 -5 0 5 10

camera wavelengths

y (mm)

Note diffraction rings
suggesting coherence

Plan to measure power at
200nm

-6 -4 =2 0 2 4 6
X (mm)

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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FLASH

SLAC Observations of COTR COTR in dispersed region of BC2
J. Frisch

COTR Spectrum

OTRSOTRS:

Spectral Stripe from
diffraction grating

Comparison
OTR light aft
stronger at Ic

Image taken with both filters inserted (X30), at normal compression, energy is horizontal in
this image. The strong COTR even the the dispersed region makes it impossible to make
quantitative spectral measurements.

Main Spot

OTR12, with OTR 11 inserted (incoherent), or removed (coherent)

Note, signal on right is saturated, and has bit depth reduce from 12 to 6
(x64 change in intensity)

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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FLASH

« LCLS Integrated optical signal vs. Charge

CTRIZ imtegrated signal, it to a*y + btet/(1=gvey

Measured at OTR12 (after 1 T
bunch compressor). With -
. s gt
compressor OFF (straight), L1S, o L. N Eﬁgﬁi}f
f -I OTR1 1 d L1X on crest. e ‘t;.‘:j#_ . ; ff&%ﬁ?f
am foil ( ) reduces - PRk
| ' OTR12 Fitto 1= a'q + b'’(1+qc!) { +
L Inearlty on a is liner term 0.69/10°.
E i
£ P+
b is coherent term = /
. OTRI2 integratad signal, fit 1o &g + b1 +q*eY), 3 frec - ”-’
+  OTR1T ina =044 b= 00220020 = 16305 | . . g _f
¢ is damping of coherence at g ¥ |
+ TR qui3=0.144 b = 0155720 = 5803 + . = + + i P T Fr
o I high charge (energy spread?), i JORE __m;ﬂjﬁﬁ% il
] ! i+ B EEE
FEE emperical. AV T
3 ) § ,.' ,+:
Nonlinear response to charge TES F
u ¥ P . . Ler
i A shown with, and without X3 filter. i
| Pl
urve o 5 o 3 3 i : ; 7 2 :
5 a,b,c scale as expected, no Chrgs o 5P in 1050
2 g evidence that camera is non-
z linear
E;w—
1 ,:"‘
¥ P
e M al
05 . + e e
T
-f’g:;g-’\ 1 L 1 1 ]
UEl 1 2 3 4 5 ] 7

Charge from EPMe in 10%
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H. Loos on “Doughnut” structures
and theoretical explanation
from OTR theory

Horizontal Polarization of TR Source

OTR Theory 3

y =500
- A=1pm
6 =0.1rad
10
5
3 ‘ .
5
-10
15
20 n ! ! i ! h !
[INAY (X 20 -5 -0 & 0 5 10 15 20
‘—L/J—p X (i

Convolution of Source with Beam

Radial Polarization of TR Source Horizontal Polarization of TR Source

200
100
£ £ o .
= S
-100
-200
0 -200 0 200

x (um)
Transverse Distribution of Electron Beam
1000 v ooy

X (um)
COTR Distribution of Electron Beam
1000

y (um)
y (um)

o]
x (um)

X (um)

30 May 2008

COTR Imaging

Henrik Loos

FLASH

A TG
LA

Stanford Linear Accelerator Center

COTR Observations of Doughnut-like Shapes

60 60
20 40 60 20 40 60

20 40 60
OTR12, downstream of BC1

20

40

60 60 60
20 40 60 20 40 60 20 40 60

Shot to shot samples, 300pC, max compression w/ L1S & L1X

30 May 2008 Henrik Loos

loos@slac.stanford.edu

COTR Imaging

B Measured image

E Light intensity 30x above
incoherent level

B Simulation

E Source acts like gradient
operator

- S o L

OTRS:LI21:291 COTR Distribution of E\ectron- Beam

1000

800
600
400
200

y (um)

0

y um)

-200

400 600 800 1000 -0

1000
X (um)

X (um)

30 May 2008 Henrik Loos

loos@slac.stanford.edu

COTR Imaging loos@slac.stanford.edu




G oo Microbunching/COTR |

OT ""J’/ Spectral Analysis |
» Analyzed diffraction| grating spectral data on OTR12

Z- Huang on . Zmages with BC] off, 250
microbunch instabilities o GUTR (L5711 KC, ol

COTR (QB = 10.7kG, DL s linear a

OTR12 VS QB 09-Feb-2008 14:42:04

*  OTRSLI21291:TMIT

A 3 B7er 0545 0240

D 8 Bos0 et 10003
£NDF = 205
rms fit eror = 137er04 el |

@
o

OTR12 Spectral Analysis I

w

Meastiredlintensity: gain by ratio of COTR to No COTR spectra

OTRS:LI21:297:TMIT charge estimate (Nel)
N

Calculated ntensity gain with 40/ A peak current (BC1 off), 1
wm norm. emittance and fit to 2.5keV slice rms energy spread) =

bl C\J:\-Mulr.rmw -

»E
S

i it = b | g f o S Aot 0

105 1
QUAD:IN20:731:BCTRL QB B Perturb (kG)

B — " H=Ere— .
S Measurements on micobunch
< c 31 Calculated vs. Measured Gai . H H :
g, nededve. Measurec gain curve with a diffraction
ST OTR12 grating spectra = .

ol | 5 grating spectrometer
| 0 200 Wavg?e(:l O (nmgoo 800, 11 400 450 Sgg 01 ﬂ[jlggl (]mgoo 650 700

D. Ratner

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY



Frwens,  Microbunching/COTR I

10000 | [}

LCLS design at 1 nC

heater off

Reduction of microbunching by a

laser heater in simulations 1000/ |

100 |

Total Gain

10 E //

OTR22 after BC2 IE | | |
| 0: 50 100 150 200
: initial Ao [xm]
Z. Huang, ef al., PRST 2004

“simulation” of laser
Heater in measurements
by an OTR screen upstream

Profile Monitor OTRS:LI25:342 05-May-2008 22:27:49 Profile Monitor OTRS:LI25:342 05-May-2008 22:29:01

y (mm)
o = [ =] - wn (= ~J =]

¥ (mm)

=> Expected reduction of
COTR effects with the
upcoming laser heater

&L

with OTR21 screen inserted with OTR21 screen OUT
(smoothes p-bunching) (z-bunching present — COTRY!)

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY



@ wemours COTR/CSR

« CSR s visible on the screen inside the chicane

« CSR can be separated
from beam spot with
the dipole setting

o I 3
|2 = G

Bl i

X ~5mm
Location of sharpest u-bunching
J\f\f\ CSR
COTR
1=27 kG
second dibole Jlated shift ~ 0 mm
3 OTR21
Z. Huang

1]
X (mm)

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY




@ wemours COTR at APS

OTR Beam Image Structures Vary with L2 Phase
K. Harkay (Argonne)

B Images develop enhanced peaks in x-y space with compression.
Footprint is similar to 11-05-07 data (~45 pum/pixel).

s LA b 1 833 -5 58 D017 g 205115 T e S0Ln b Huurai

Y;,
e Analysis on OTR Peak Intensity Con
Effect (11-05-07 Data)

200

Z00 250 300

Inxex Tndex

180 A
‘ —@— L2 phase (deg) vs V-peak ‘

160

140

120 +

100 4

150 200 230 300 330

80 4
Index Index

60

OTR Peak Intensity

A. Lumpkin et al. OTR at APS

40 1

20 +

11 1I2 1‘3 1I4 1I5 1‘6 1IT
L2 Phase (Degrees)

Localized peak intensity from single-column samples
(10 images at each phase point).

‘ Lumpkin et al., BIWO8

Bolko Beutner, DESY

A. Lumpkin et al. OTR at APS




@ wemours COTR at FLASH

Observations at FLASH are similar to the Argonne results

Fuwer  COTR in standard compression? %%

FPhaze =-11.375de

-11.375deg

-11.75deg -12.125deg

-12.875deg T

&0 —"t/ k

i i i
148 14 138 13 -128 -12 -11.8 -1 -0
ALCCT Phase offzet [dag]

Beam Dyn: Mini-Workshop Zeuthen 26.-30.05.2008 Bolko Beutner, DESY  tner, DESY



G ootz COTR Summary

‘ FLASH

« Reports and discussions on microbunching instabilities
— Beam dynamics / emittance growth

— Laser heater Pictures From DESY LOLA (2005)

« Effects of COTR on diagnostics
— OTR screens
— Emittance measurements
— Wire scanners

Comparison of 2 beam pulses taken under the same conditions at TTF on the OTR

—_— Lase r h eate r screen after the LOLA deflection cavity

— Why a problem at LCLS and not at FLASH or APS?
— XFEL diagnostic layout

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY



é S (5% )
s ummary 2e%

/o @\

Total of 44 contributions

— 9 from FLASH

— 12 from PITZ

— 8 from LCLS

— 8 from SPARC

— 7 from other labs like BESSY, APS, BNL, PSI, ...

Comparable emittance measurement results from different labs

Discussions to define common procedures for emittance
measurements

In general a good agreement between simulations and
measurements

COTR is an issue for beam diagnostic of high brilliance beams

Beam Dynamics Meeting 9.6.2008 Bolko Beutner, DESY
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