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What is phase space and emittance

The phase space of the system is the space in which all possible states of the system are
represented.

Emittance is related to the volume/area occupied by the electron beam in phase space.
6D phase space can be split into 3x2D phase spaces: (x,x"); (y,v"); (z,p,)

Normalized transverse rms emittance for X plane:
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EMSY: scintillating screen
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Scaling factor is introduced to correct for low
intensity losses from beamlet measurements
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Introduction

EmWiz suite consists of four programs:

« FastScan
« EmCalc
 RootPlot

*  MemoryWatcher

1. Fastscan and EmCalc are two programs which are started by operators. First one to
perform the measurements and the second one to perform the processing of the
measured data.

2. RootPlot and MemoryWatcher are the supporting programs which are started
automatically by either FastScan or EmCalc. RootPlot is used for to display the calculated
by EmCalc data (e.g. EMSY distribution, phase space, saturation plot etc.).
MemoryWatcher is used to manage the sheared memory used by FastScan, EmCalc and
RootPlot.

3. All the programs are written using Qt4 or QtRoot4 SDK.

4. FastScan and EmCalc can be started by typing “fastscan3” and “emcalc3” in the Linux
terminal, respectively. Their development versions (may be unstable) can be started by

typing “fastscan3_test” and “emcalc3_test” in the Linux terminal, respectively.
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FastScan startup

Reports, warnings and errors display area

Fast emittance scanner ver: May 11 2015 15:30:33 S ems= 0

100%

| Scan.. Options VS3.. Tools Exit

p
11} [REPORT 3] LoadGUIsettings() was done successfully == value= 0[I] =0.00000[D] { line #3002 of file < _/fast_scan_mai
12} [REPORT3] Main Shift folder 201505 == { line #169 of file < /fast_scan_panels.h> }
13) [REPORT3] Sub Shift folder 154 == { line #170 of file <. ffast scan_panels.h> }

14) [REPORT 3] Configuration is finished == value= 438152572[1] =438152572.00000[D] { line #183 of file < /fast_scan_p
20) [REPORT3] all services are started == { line #568 of file < ffast scan_timers.h> }
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FastScan: Scan button '

Photo Injector
Test Facility

Fast emittance scanner ver: May 11 2015 15:30:33 M ems= 0; menu rolling in 594 sec

100% e

Lr— R — —‘] ———— [ F i
s oponsvss. | wes.  J e |
| Sy | L

11) [REPORT 3] LoadGUIsettings() was done successfully == value= 0[I] =0.00000[D] { line #3002 of file <. /fast_scan_mai

12) [REPORT3] Main Shift folder 201505 == { line #169 of file <_ffast scan_panels.h=> }
13) [REPORT3] Sub Shift folder 154 == { line #170 of file <. /fast_scan_panels.h= }

14} [REPORT3] Configuration is finished == value= 438152572[I] =438152572.00000[D] { line #183 of file < _/fast_scan_p
20) [REPORT3] all services are started == { line #568 of file = /fast_scan_timers.h= }

100%

Fast scan, EMSY and MO... Interrupt all processes |
| [ Get new 5h|ﬂ: Get old shift
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FastScan: Scan button PITZ

Photo Injector B4

Test Facility [

[ Fast emittance scanner ver: May 11 2015 15:30:33 M ems= 0; menu rolling in 594 sec.

100%

 Gew | e, | mos | ox

11) [REPORT 3] LoadGUIsettings() was done successfully == value= 0[] =0.00000[D] { line #3002 of file <. /fast_scan_mai
12) [REPORT 3] Main Shift folder 201505 == { line #1689 of file <_/fast_scan_panels.h= }
13) [REPORT 3] Sub Shift folder 154 == { line #170 of file =./fast_scan_panels.h= }

14} [REPORT 3] Configuration is finished == value= 438152572[1] =438152572.00000[D] { line #183 of file < _/fast scan_p
20) [REPORT3] all services are started == { line #568 of file = /fast_scan_timers.h= }

Fast scan, EMSY and MOl

" open | Getnew snit | et otasnn
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FastScan: Options VS3 (video system 3)

Photo Injector &8
Test Facility Ji~8

= Fast emittance scanner ver: May 11 2015 15:30:33 M ems= 0; menu rolling in 593 sec.

100%

o g
 sen. e omonsvoy | wos. | e |
11) [REPORT 3] LoadGUIsettings() was done successfully == value= 0[I] =0.00000[D] { line #3002 of file =./fast_scan_mai
12) [REPORT 3] Main Shift folder 201505 == { line #169 of file <. /fast_scan_panels.h=> }
13) [REPORT3] Sub Shift folder 16M == { line #170 of file <. /fast_scan_panels.h= }

14) [REPORT 3] Configuration is finished == value= 464749050[1] =464749050.00000[D] { line #183 of file < /fast scan_p
20) [REPORT 3] all services are started == { line #568 of file <_ffast_scan_timers.h= }

“manuaimode
Chea—
W o
mmes.00 [T
mme720  [Z]
e e
r ]
[BSA16 Sta3 |

[ set |
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FastScan: Options VS3 = Open...

Set values for musthaves file
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FastScan: Tools PITZ

Photo Injector
Test Facility

(] Fast emittance scanner ver: May 11 2015 15:30:33 m ems= 0; menu rolling in 598 sec.

o - —_ _ — — - — —_ — - — —_—

100%

C sen | oo o o

20) [REPORT3] all services are started == { line #568 of file < /fast_scan_timers.h= }

22) [REPORT 3] MUST: GunMom=6.048 GunMomRMS5=25.000 GunPhase=0.000 MeanMom=21.242 MeanMomRM5=74.700
23) [REPORT 3] Must File is loaded OK /afs/ifh.de/group/pitz/doocs/measure/TransvPh5p/20 15/ProjEmittance/config_fs.txt
25) [REPORT 3] SaveMustHavesFile() #0A GUIl-config/musthawves file is saved /afs/ifh.de/group/pitz/doocs/measure/Trans
26) [REPORT3] SaveMustHavesFile() #0A GUI-config/musthaves contains 6.048000 25.000000 0.000000 21.24
27) [REPORT 3] SaveMustHavesFile() #0A GUI-config/musthawves file is saved fafs/ifh.de/group/pitz/doocs/measure/Trans
28) [REPORT 3] SaveMustHavesFile() #0A GUI-config/musthaves contains V5=3 COneXfrom=88.70
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ITZ

Photo Injector i
Test Facility

EmcCalc startup

then

Z

Reports, warnings and errors display area

: L Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing == 0 plots == 0

rr-—‘-- —_— —_— —_— _ — _— —_— — —_— S —_— S —_— —_— —_—

100%

| Cocuate. | open | por. | optins. | closear | e |

8) [REPORT3] Timers are created == { line #97 of file <../emcalc_panels.h= }
9) [REPORT3] Threads are created == { line #115 of file <../emcalc_panels.h= }
15) [REPORT3] All services are started == value= 0[I] =0.00000[D] { line #225 of file =../emcalc_timers.h= }
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EmCalc: Calculate ITR

Zeuthen

Photo Injector
Test Facility

Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing == 0 plots == 0

|
il —— —— Fo — — _— —_—— E— —_— F —— —— — — —

100% ' - |

. Calculate..__J|  Open.. ||  Plot.. | oOptons.. | CloseAl ||  Ext |

8) [REPORT3] Timers are created == { line #97 of file <../emcalc_panels.h> }

9) [REPORT3] Threads are created == { line #115 of file <../emcalc_panels.h> }
15) [REPORT3] All services are started == value= 0[1] =0.00000[D] { line #225 of file <../emcalc_timers.h=> }

‘ Choose a scan file for analysis

Set IMC file for processing x

| £ /afs/ifh.de/group/pitz/doocs/measure/T. . jEmittance/201507/01A_BSA13/355A/EMSY1 ¢ |

Name v |Size Type Date Modified
[ ] EMSY1.imc 3.8 MB imc File 7/1/15 5:42 PM
B EMSY1X 355A 2015 07 01 18 00 09 from93 70-to95 60 fast.imc 28.1 MB imc File 7/1/15 6:00 PM
|| EMSY1Y_355A_2015 07_01_ 18 23 24 from65_20-to66_90_fast.imc 50...MB imc File 7/1/15 6:24 PM
[ MOLimc 3.5 MB imc File 7/1/15 5:46 PM

| ]
|EMSY1X_355A_2015_07_01_16_00_09_from93_70-t095_60_fast.imc | Open |
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EmCalc: Calculate

Question Set files for emittance calculation

o — ——
bl Yes ——
——

For the data which was already [ 4+ ]
processed the “beam.log” file s
containing information about: —
calculated beam size at EMSY, |;g_
beam momentum after the gun, ||
beam momentum after the F——
booster etc. is already exist. It . _
can be necessary to refresh R
this file in some cases, for [—TT—
example if the filter settings for aLL frames)  ([TEETD
EMSY image processing were IIﬁI
changed. _—

|13 |
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EmCalc: Calculate => resulted plots

Photo Injector
Test Facility

Three plot are displayed if default settings are used:

space [TRUE FRAMES] : EMSY1X_355A_2015_07_01_ 18 _00_09_ from93_ _60 Pl 01 #25 Sum(imc)+Sum(bkg)+Sum(imec-bkg) : EMSY1X 35 - O x

; ~s0a00as
] |nain= 355.0, [A]; @ = 0.000 + 0.000, [nC] M““’””“‘”“‘:ﬁ'_’;’:::::::ﬁ
d = Nl ) Ly F Satur. vaiue = £955: % = Summ o 53t plnts i WGUAY points n MOY
q 0.2 — Slit g X; 4pulses; S = Mol"s Al 0.779 2
q = 60000
q —
q 0.2 — x
] - 50000 | 3
d - 1
q ot — H
4 — 40000 3
¢ F E
g £ op—
{ # -
g = D
q 01— [{_
d - 20000 I
d - valus
g 02 |— 10000 | #25 Sumiime)+Sum(bkgi+Sumiime-bkg) : EMSYIX 3554 0 0,0, x=-524.556, y=413274e+06
g =
q ot [ #15 Saturation along scan (inside of MOIl) : EMSY1X 3 - O x
g g e [ ey | N L A TS YR N RRRTO - R
q & Z > A & 0
q . . . C
: Main plot: shift+LClick on free space at pane to
é . . — é =
|| . print it to logbook s
q w b
g Electron beam: e
g Momentum gun 6.08200 + 0.0300 [MeVic] 2
g Momentum booster 21.78000 +0.1030 [MeVic] =
q L 0.44050 [mm] G

a
E diii :;::gf {::]d] #15 Saturation along scan (inside of MOD | EMSY1X_355A 0 625,148 x=106.496, y=0436997
1 covariance 0.00353 [mm mrad] ™ 7 - S .
q ipies Y s mra] [ #16 Saturation inside of MOl : EMSY1X_355A 2015 07 - O x
g LDrift 3.13300 im]
q
q [ 320071 [mm]
q T 0.33171 [mrad]
E 3 -0.30258 [mm mrad]
d fiy-o® 1.00000
q scaled
;i & feared 1.089 [mm mrad]
d s;sacnl-d 0.497 [mm mrad]
g
d gapne 1.118 [mm mrad]
q ;
5 Gamme nts: nG comm : : :
q E H H H H
g R R T — :
g (x=-0.908086), y=-32652.8, binx=0, biny=0, binc=0) | #18 saturation inside of MOL: EMSY1X_355A_2015_07_01__1 0 3,122 x=-147184, y=13.0129 -
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EmcCalc: Calculate => resulted plots ITE

euthen

Photo Injector
Test Facility i~

[/ #2s sumi(imc)+sSumibkg)+Sumiimc-bkg) : EMSY1X 3= _ MO »x |

S of dgerioproured sApnad An AR, Sk = O of 252 5R06, =0 DT
S Jof begunieis sipns) dn &AM, Setn = 2 of 2TT25F, =00000 T4

Sumdfsipned-hacioprounsd) A0 &80, Sstn = F aof TSFTFFS, =0 Do >s

S.miwr. walue = SO0RS. 2o S of St oolnts o AR paolnbs: o SR O

numberotple i

= [ T T S = S

e Bl
W e

#2 5 sumlimoci+sumibkgl+5Sumiiimoe-bkgl : ERVSY 13X 355 0 0,0 x=-524. 556, v=4. 1327 4e+06

Signal distribution plot, in MOI only:

Black: Distribution of pixel values for background images (averaged)
Blue: Distribution of pixel values for signal images (averaged)

Red: Distribution of pixel values for signal-background images (averaged)

To have a good signal to noise ratio one has to use full dynamic range of the camera.

Often it is hard to fulfill this condition but signal spectrum should at least reach value of
3500.
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EmCalc: Calculate => resulted plots

Photo Injector
Test Facility i~

T #15 Saturation along scan (inside of MOI) : EMSY1X 3 _ O x |

2D and 1D plot for saturated pixels
e e e S TR E e T (red dots in 2D) inside the MOI.

RIS WL VIR ST P T | Normally amount of saturated pixels

g & shouldn’t exceed 10-20. Exceptions:
5 TN, RV PR S e S R e — hot spots on YAG screen.

b ol
TT

il s d s DR R B e e S P

.
|
- 8
- N

i i i i i H FETHEE T bl e i et
%g o

B s smist rumber

#15 Saturation along scan (inside of MOI) : EMSY1X_355A 0 625,148 x=106496, y=0.436567

= #16 Saturation inside of MOl : EMSY1X 355A 2015 07 - O X |

R

L ol

e

E n =
Ir E

e

L) =

LI

#16 Saturation inside of MOT: EMSY1X_355A_2015_07_01__1 0 3,122 x=-147184, y=13.0128
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EmCalc: Open

Zeuthen

Photo Injector
Test Facility

: [ Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing ==> 0 plots == 0
r—‘-'—.'—m—'—w—‘r—m—.’—'—.'ﬁ

8) [REPORT3] Timers are created == { line #97 of file {..femcalc_panels.h:- }
9) [REPORT3] Threads are created == { line #115 of file <../emcalc_panels.h= }
15) [REPORT3] All services are started == value= 0[I] =0.00000[D] { line #225 of file <../emcalc_timers.h> }

‘ Choose an *.imc or *.bkc

Set video file

[Ed/afs/ifh.defgroup..._BSA13/355A/EMSY1| ¢

E Comp... MName

gryvash | EMSY1.bkc
| EMSY1.imc
| EMSY1X_355A_2015_07_01_ 18_00_09_ from93_70-to95_60_fast.bkdg
| EMSY1lX_355A_2015 07_01_ 18 00_09_ from93_70-to95_60_fast.imc
| EMSY1Y_355A_2015 07_01_ 18 23 24 from65_20-to66_90_fast.bkc
| EMSY1Y_355A_2015_07_01_ 18_23_24_from65_20-to66_90_fast.imc

- [ | MOl.bkc
| MOLimc

Y. [mm]

|' _Qpen

-10 -8 -6 -4 2 [2]

X, [mm] {Orientation for SHIFT: <===}

-14 -12

=-16.5334, y=- 586450, bine=, biny=0, binc=0)
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EmCalc: Plot

Photo Injector B4
Test Facility

Output and plot settings

im Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing => 0 plots == 0; menu rolling i

i - | T60%

| Colcuiate. || Open.. O Plotl | Options.. || CloseAl J|  ext |
132) [REPORT3] Common saturation density: 0.00000 == { line #1298 of file <../../Classes/class_video_fun
133) [REPORT3] Common saturation density inside of the MOI: 0.00000 == { line #1301 of file <../../Class¢
134) [REPORT 3] saturation pixels in MOI/All: 0.77938 == { line #1304 of file <../../Classes/class_video_func
136) [REPORT3] ## Process thread is finished, number == value= 8[1] =8.00000[D] { line #136 of file <../e

145) [REPORT3] File is plotted fafs/ifh.de/group/pitz/doocs/measure/TransvPhSp/2015/ProjEmittance/2015
147) [REPORT 3] ######Plot is output, ID == value= 101[1] =101.00000[D] { line #5993 of file <../emcalc

————> X axis direction

Save data from output
plots to ASCII format:
/doocs/measure/TransvPh
Sp/’year’/ProjEmittance/r
eports/’CurrentDateTime”

I | | B
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EmcCalc: Options

ITZ

Zeuthen

Photo Injector
Test Facility

Options for calculation :
@ Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing => 0 plots => 0; menu rolling i Amount Of |nterva|S for 1D

: emittance with charge cut
e ———— applied (shown if choosen
A in “Plot...")

2D phase space with
_—7charge cut of N% (shown

if choosen in “Plot...”)

. A

o0 ——

Amount of points for
’ “neighbors filter”

pxl 30
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EmcCalc: Options

Zeuthen

Photo Injector
Test Facility

im Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing => 0 plots => 0; menu rolling i

Width in pixels from all
sides values of which will

132] [REPORTB]Common saturation de:f!siﬂ:)‘nr 0.00000 == { line #1298 of ﬁle <..[. fciassesfclass video_fun be put to 0
133) [REPORT3] Common saturatmn deras;ty inside of the MO] 0.00000 == { line #1301 of file <. f fC]as ¢ -

Correction for slit width,
applicable only for sheared
emittance calculation =
out of interest

e
= Parameter for sigma filter
= strength of the filter
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EmcCalc: Options

Photo Injector B4
Test Facility

i Emit. calculator ver: May 11 2015 15:29:48 ems= 0 in processing => 0 plots => 0; menu rolling i

[ cocvmre.. || open. | por. | opronsy | cosear | o |

132) [REPORT3] Common saturation density: 0.00000 => { line #1298 of file <../../Classes/class_video_fun
133) [REPORT3] Common saturation density inside of the MOI: 0.00000 == { line #1301 of file <../../Class¢
134) [REPORT3] saturation pixels in MOI/All: 0.77938 == { line #1304 of file <../../Classes/class_video_func
136) [REPORT3] #4# Process thread is finished, number => value= 8[1] =8.00000[D] { line #136 of file <../e
145) [REPORT3] File is plotted /afs/ifh.defgroup/pitz/doocs/measure/TransvPhSp/2015/ProjEmittance/2015 [
147) [REPORT 3] ######Plot is output, ID => value= 101[1] =101.00000[D] { line #9393 of file <../emcalc -

m 3.13300

pxl 1

mrad 10.00

Same as for EMSY/MOI

mm 10.00

6 points

Parameter for “recover” filter = strength of the filter
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Emittance measurement flow

Musthaves, all raw data has to be saved:
« Laser transverse profile from VC2 camera => must be saved! Not only printed to logbook.
» Laser temporal profile from OSS
* Rough adjustment of laser transmission at roughly MMMG gun phase to the desired charge value.
« Beam momentum scan using LEDA.
* Fine charge adjustment at MMMG phase found.
+ Beam momentum scan using HEDA1.
» Fill musthaves for FastScan (slide 7)
* Roughly define the solenoid scan range: 6-8 A above the focus, 2-4 A below the focus a EMSY.
* Prepare Microsoft excel template to fill the data
+ Take EMSY pictures using FastScan for all solenoid currents (Hint: start from highest solenoid current)
+ Take MOI pictures using FastScan for all solenoid currents (Hint: start from lowest solenoid current)
« Start emittance measurement for X plane (Hint: start from highest solenoid current):

» Find the central (roughly) beamlet and optimize the alpha EMSY angle (slide 8)

+ Do emittance measurements for each solenoid current
« Start emittance measurement for Y plane (Hint: start from highest solenoid current):

* Find the central (roughly) beamlet and optimize the beta EMSY angle (slide 8)

» Do emittance measurements for each solenoid current
« Do statistical emittance measurements for the solenoid current delivering the best emittance:

* Repeat 3 times:

1. 1xEMSY, 1xMOI, 3xEmittance for X plane

2. 3xEmittance for Y plane
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Detailed emittance measurement procedure

Very very detailed emittance measurement procedure (courtesy M. Grol}) can be found
here. It also includes a details of preparation procedures like LEDA, HEDA measurements
etc.

https://pitz.desy.de/pitz_intern/emittance/
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