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Overview: Behavior of extracted charge vs laser pulse energy 

> Observations: 

 The charge extraction is linear for low laser pulse energies (this is how we measure the quantum 

efficiency, “single particle” regime). 

 But for higher laser pulse energies (saturation regime) the charge extraction dependence on laser 

energy is much weaker (“collective effects” space charge regime). 

 We have consistently observed that the extracted charge for high laser pulse energy is larger than that 

predicted by simulations for a variety of gun settings and laser parameters. 

 The extracted charge in the saturation regime depends on specific laser beam parameters and gun 

operating settings.  

> Hypothesis:  

 Although the extracted charge saturates in the core of the uniform laser transverse distribution, radial 

laser halo contributes to additional extracted charge.  

> Experiment: 

 To test our hypothesis, we have generated initial (input) distributions fitted to first order to the measured 

laser transverse profiles, which in fact have a radial profile comprised of a flat-top core with Gaussian-

like decaying halo. 

> Results:  

 Using these distributions, we obtain now agreement to first order between ASTRA simulations and 

measured extracted charge vs laser pulse energy.   

 Our observations seem to indicate that halo is contributing to excess extracted charge compared to a 

uniform core transverse laser distribution.  
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Once a fit is found, the core + halo input distribution fits 

the experimental data…  
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…and to first order for different Gun power, phase, temporal 

profile and radial size from measurements taken in 2013. 
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Using core+halo input distributions in ASTRA renders closer 

agreement with emittance measurements than just using 

uniform core input distributions* 
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The procedure consists on generating particle input 

distributions derived from the radial curve fit to the measured 

laser transverse profile: 
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To characterize the laser spot on the cathode: The laser beam 

shaping aperture (BSA) is imaged onto a CCD camera 

positioned at a plane equivalent to that of the actual cathode  

(Virtual Cathode 2, VC2) Data taken 12-March-2013* 

*M. Gross (PITZ) 

Photocathode 

Virtual cathode plane 

Virtual cathode plane 

DDC with 

vacuum mirror 
Cathode 

camera 

The Cathode camera CCD is placed at the exact location of the 

Cs2Te photocathode at the back plane of the gun cavity 
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Step 1: Capturing VC2 image and data 

1. Set BSA to desired value 

2. Follow standard procedures to capture VC2 image and data, ensuring 

the image AND background data are saved in 

\\doocs\measure\Laser\TransverseProfile\VC2\YYYY\SHIFT 

3. Record VC2 image from Avine video client for reference, as shown 

below: 

> Typically 2 x 20 frames 

(background + signal) 

 

 

//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
//afs/ifh.de/group/pitz/doocs/Laser/TransverseProfile/VC2/YYYY/SHIFT
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Step 2: Reading the saved VC2 image & background data 

1. Open the MatLab script “read_imc.m” in LINUX environment. This 

script is saved in …..  

2. Edit the script to set the folder from which the image and background 

data file will be loaded, as shown below: 

 

 

 

 

 

3. Run the script 

clear all; 

close all; 

[imc_data, header_data] = avine_load_video_images_from_file('/doocs/measure/Laser/TransverseProfile/VC2/2015/20150514N/0027_LT16_BSA2.imc'); 

[bkc_data, header_data_bkc] = avine_load_video_images_from_file('/doocs/measure/Laser/TransverseProfile/VC2/2015/20150514N/0027_LT16_BSA2.bkc'); 

header_data_single = header_data(1); 

camWidth = header_data_single{1}.width; 

camHeight = header_data_single{1}.height; 

  

scale = 0.00465; % mm/pixel 

  

averageVector = zeros(camHeight,camWidth); 

averageVectorBkc = zeros(camHeight,camWidth); 
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Step 2 Continued 

 

> The Script only reads the image data and subtracts the background.  

> The only output is the display of the vertical and horizontal cuts, just to 

indicated it has finished reading the data. 
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Step 3: Generating radial profile averaged over Φ 

1. Open the MatLab 

script “RadProfiler.m” 

in LINUX environment. 

This script is saved in 

…..  

2. Run the script 

3. Make a radial profile in 

Excel or any other 

graphing tool with data 

stored in rmesh and 

PR 

 

 

 

> The script takes the matrix data 

generated by read_imc.m and 

averages over Φ.  

> It generates the graph and radial 

profile shown below 

> The radial profile data is saved in the 

vectors rmesh and PR. 
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Step 4: Finding core + halo parameters Rc and σr from 

radial profile 

1. From the radial profile, find Rc 

and σr by fitting the following 

equation to the radial profile: 

2. 𝐹 𝑟 = 𝑒𝑥𝑝
𝑅2−𝑟2

2𝜎2
 

> This can be accomplished 

manually with MathCAD for 

example, or a MatLab script 

could be written for this purpose. 

> For this particular case: 

 Rc = 0.85 mm 

 σr = 0.26 mm 

 

Rc 

σr 
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Step 5: Generating baseline uniform particle distribution 

needed for core + halo distribution 

1. Edit a generic “generator.in” file to 

create a uniform distribution with: 

 Desired temporal profile, and 

 RMS beam size must be equal to Rc 

x 

y 

Also Flat-Top 

If necessary 

Ek = 0.55 eV 

thermal emittance 
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Step 6: Generating core + halo distribution with Rc and 

σr based on uniform distribution 

1. Open the MatLab script “core_halo 

generator for ASTRA.m”, saved in 

…. 

2. Edit the script to: 

1. Load the uniform baseline distribution 

2. Set Rc 

3. Set σr 

4. Save the core + halo distribution 

 

> NOTE: The script needs the macro 

named: “Rdistr.m” 
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Step 6: This is the last step in the procedure 

> The script takes the uniform baseline 

distribution and makes a new 

distribution composed of a flat-top 

core with radius Rc, and a decaying 

Gaussian-like halo shifted by Rc and 

with σr by modification of the 

macroparticle charge 

 

for_c+h_BSA_1p8mm.ini c+h_BSA_1p8mm.ini 

Rc 
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Procedure summary 

1. Capture VC2 image and data 

2. Run MatLab script “read_imc.m” to read VC2 data 

3. Run MatLab script “RadProfiler.m” to generate radial profile 

4. Find core + halo parameters (Rc , σr ) from the radial profile 

5. Generate baseline uniform particle distribution with XYrms= Rc 

6. Run MatLab script “core_halo generator for ASTRA.m” with Rc , 

σr and baseline uniform distribution to generate core + halo 

input distribution to be used in ASTRA 
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The following graphs show the sensitivity of ASTRA 

simulations to the core + halo parameters Rc and σr 
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The following graphs shows the sensitivity of the semi-

analytical model to the core + halo parameters Rc and σr 
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CAUTION!!! Note that halo changes also with increased 

Laser Transmission (LT).  

> This means that if the VC2 

image is captured with low LT, 

Rc and σr are found fitting that 

laser radial profile 

> HOWEVER often the emittance is 

measured with higher LT values, 

which are not VC2 captured, but that 

certainly changes the halo profile  
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Laser halo intensity distribution effect to emittance (Q. Zhao) 

100pC BSA= 0.9mm 

 The laser on VC2(virtual cathode) data recorded with low Laser transmission (LT)~18%, but for high 

bunch Charge, the LT will be much higher. So from above simulation, the halo fit from data  On VC2 

is not considered the halo intensity distribution.  

1 nC BSA= 1.6mm 

1.20

1.25

1.30

1.35

1.40

1.45

1.50

1.55

1.60

1.65

0 1 2 3 4 5

e
m

it
ta

n
c
e
 [

m
m

 m
ra

d
] 

conditions 

0 1nc measurement

1 uniform simu

2 fit1 simu

3 fit2 simu

4 fit3 simu

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0 1 2 3 4 5

e
m

it
ta

n
c
e
 [

m
m

 m
ra

d
] 

conditions 

conditions: 0-measurement, 1-uniform simu,  2-fit1 simu 
3-fit2 simu, 4-fit3 simu 

0 100pC measurement

1 uniform simu

2 fit1 simu

3 fit2 simu

4 fit3 simu



C. Hernandez-Garcia & M. Krasilnikov  |  PPS Zeuthen |  18/06/2015|  Page 24 

The imaged laser spot on the virtual cathode plane shows 

smaller halo / core ratio for larger beam diameters… 
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…this means there is less Halo for larger BSA settings… 
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…which is consistent with measurements showing that less 

charge is extracted from Halo for larger BSA settings 
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Conclusions: 

> The relationship between the amount of 

halo in the measured laser radial 

distribution seems to be proportional to 

the amount of extracted charge in the 

saturated emission region. 

 

> The measured charge vs laser pulse 

energy can be reproduced by ASTRA 

simulations when core + halo radial 

profiles are utilized as input distributions 

based on fits to actual laser radial 

profiles. 

 

> Using M. Krasilnikov’s model with the 

core radius and halo Gaussian σr found 

from the laser radial profile, and fitting 

only Qmax, one gets fairly good 

agreement with ASTRA and with 

experimental measurements in the 

saturated region 
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BACKUP SLIDES 

>BACKUP  

>SLIDES 
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The output from postpro shows that XYrms for core+halo 

distribution is very close to that for the uniform distribution 
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Size (slide by M. Gross) 

> Laser beam a little bit bigger on photocathode (1 to 3%) 

> *BSA (calibration?) – Ratio BSA size to xyRMS about 4 for flat tops, 

reduced for smaller sizes 

 No flat top for small BSA 

BSA size 
[mm]* Cathode camera VC2 Size ratios Cathode/VC2     

  xRMS yRMS xyRMS xRMS yRMS xyRMS x y xy BSA/VC2 xyRMS 

0.08 0.066 0.065 0.065 0.064 0.063 0.063 1.03 1.03 1.03 1.26   

0.16 0.056 0.068 0.062 0.055 0.062 0.058 1.02 1.10 1.06 2.74   

0.22 0.072 0.085 0.078 0.067 0.078 0.072 1.07 1.09 1.08 3.04   

0.33 0.095 0.107 0.101 0.091 0.106 0.098 1.04 1.01 1.03 3.36   

0.75 0.202 0.21 0.206 0.203 0.205 0.204 1.00 1.02 1.01 3.68   

1.13 0.3 0.301 0.300 0.306 0.294 0.300 0.98 1.02 1.00 3.77   

1.52 0.413 0.402 0.407 0.409 0.4 0.404 1.01 1.01 1.01 3.76   

1.98 0.511 0.499 0.505 0.504 0.493 0.498 1.01 1.01 1.01 3.97   

2.37 0.624 0.604 0.614 0.618 0.588 0.603 1.01 1.03 1.02 3.93   

3.5 0.843 0.817 0.830 0.836 0.791 0.813 1.01 1.03 1.02 4.30   

Average: 1.02 1.04 1.03 
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The slope of the output charge depends on the initial 

bunch length 
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More charge can be extracted as the injected current is 

increased due to the formation of the virtual cathode 
100 pC 

150 pC 

200 pC 

500 pC 

750 pC 
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The formation of the virtual cathode is characterized by oscillations in the space charge 

field at the surface.  As the particles at the head of the bunch move away from the surface, 

the charge density drops increasing the field at the cathode which in turn allows for more 

charge to be extracted. The process repeats in an oscillatory fashion. 

ZOOM IN 

ZOOM IN 
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> How to reproduce these measurements in simulations if machine 

parameters are the same for both? 

> Pgun = 1.5 MW at Φ0-90 and BSA = 1.8 mm 

 

In addition, QE scans for old and new cathodes are 

drastically different. 
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