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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.

= Qur observations seem to indicate that halo is contributing to excess extracted charge compared to a
uniform core transverse laser distribution.
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1. Motivation: Using core+halo input distributions that match
the laser transverse profile agree now with extracted
charge measurements

2. Procedure overview
3. Characterization of laser transverse profile

4. Generation of particle input distribution based on laser
transverse profile data

5.  Procedure summary

6. Sensitivity of simulations and model to laser radial profile
parameters

/. Laser radial halo dependence on laser settings and its
effect on extracted charge
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When the core+halo initial distribution is utilized, AST

If a uniform distribution is used instead, Laser radial
the charge saturates distribution
image

Extracted charge vs laser pulse energy for temporal Gaussian 0,=1.5
ps BSA=0.8mm Gun Power = 1.5MW and Gun Phase ¢0 - 90°

shows good agreement with extracted charge measurements
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Once a fit is found, the core + halo input distribution fits

the experimental data...

Extracted charge with core + halo for 0.8 mm beam
diameter with 1.5 ps rms Gaussian temporal at
maximum cathode field
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...for most cases....

Extracted charge with core + halo for BSA 0.8 mm with
1.5 ps rms Gaussian temporal
for Pgun=6MW at ¢0-90°, ¢0-49° and ¢0-30°
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...and to first order for different Gun power, phase, temporal
profile and radial size from measurements taken in 2013.

Extracted charge vs laser pulse energy Extracted charge vs laser pulse energy
from 2013 for 1.2 mm beam diameter with from 2013 for 1.2 mm beam diameter with
Gaussian ¢,=1.06ps at MMMG FWHM=17 ps Flat Top at MMMG
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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

orofile:

Laser distribution on
virtual cathode imaging
camera data capture
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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
V|rtuaI Cathode 2 VC2 Data taken 12 March-2013*

i Cathode e r’x L gR _\ DDC with

camera i 4 .'- Vacuum mirror

The Cathode camera CCD is placed at the exact location of the
Cs2Te photocathode at the back plane of the gun cavity

*M. Gross (PITZ) C. Hernandez-Garcia & M. Krasilnikov | PPS Zeuthen | 18/06/2015| Page 10 %




Step 1: Capturing VC2 image and data

Set BSA to desired value

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

Record VCZ |maqe from Avine video client for reference, as shown

AVTHE WVidea Chenk 2 U\ Laser | Transversc Prafllc! o2 2005420 L 50S0E.A) 1933 1me {18 Fra mesf}

b ki s Byl Wi T Hk
elow:
AT RN HHEHY i,

= fan
[rrien [ furcee | T - J i T i o
:';:“f’ P T yFodd [mi” E
|EEMGEIJ | HAH |IJ-1I}| S |E CAAZLN0 E LD Lillzar: F
Eashy e Lo rdi-icas meges

R i o) e ] o s

Typically 2 x 20 frames
(background + signal)
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//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

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:

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);

3. Run the script
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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.

e

[

1 1 1 1 | |
200 400 B00 don 1000 1200 1400
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Step 3: Generating radial profile averaged over ®

0.04

Open the MatLab
script “RadProfiler.m”
in LINUX environment.
This script is saved in

Run the script

Make a radial profile in
Excel or any other
graphing tool with data
stored in rmesh and

PR
Raw BSA 1. 8 mm

____________________________________

0 02040608 1 1214 16

rmesh (mm)

Workspace H[Oa X
= L] $| &P selen ... -
Mame £ Yalue
A <46 1461 dof=]
Hc <2x151188d
(A cr <2x153444 ¢
HH CenterBin 1.76082-04
HH cucx <1040 1 dou
HH curr <1x1392 dou
H 1cur -1.5128a-03
(A 451
HH 461
113
<1x120 doub)
<46 1x46]1 dol
1.5783
HH > <461x461 do
Hr <461x461 do
[adans 'PLOTTING...!
EHaverage\fec ¥ < 10401392
Haveragevect... <1040x1392

bke_data
bkec_data_singl
H bke_vector

e camHeaight

H camwidth

HH count

H del

header_data

header_data_si...
HH hf

header_data_bke

<5021 call=»
<1x1 call>
10401392 | 2

- > The script takes the matrix data

generated by read imc.m and
averages over Q.

> |t generates the graph and radial
profile shown below

> The radial profile data is saved in the

vectors rmesh and PR.
Bl Figure 1 -""”
File Edit Yiew |nsert Tools Deskiop  Window Help

DEde M AADDEL-|E|0E | a1
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HH imc_bke = 0.04 ' ' ' ! ' '
imec_data <G0x1 cell» 8 553l ; " 5
imc_data_single <1x1 cell= & : : : :
HH irme _vector <1040x13592 002 : :
Hir 114 = : : ; : ; g
HH 461 = o1t : ; : § : :
HH numFrames 50 = : : : : :
N1 i] i 1 i i "
%:;mFramesTe 558’216]3 R | 'g 1} 0z 04 0.6 0.4 1 1.2 14 1.6
1.5125 o =~ Pl
rrmazh < Lx120 doub
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Step 4: Finding core + halo parameters R, and o, from

radial profile

1. From the radial profile, find R, > This can be accomplished
and o, by fitting the following manually with MathCAD for
equation to the radial profile: example, or a MatLab script
could be written for this purpose.

> For this particular case:

= R, =0.85 mm

= 0,=0.26 mm




Step 5: Generating baseline uniform particle distribution

needed for core + halo distribution

S _ o ="
1. Edit a generic{generator.in’file to AR e vee o

create a uniform distribution with: [] % [[comenew u -[alx]| 5] |S][8] |

Pafte B 7 U ahe X. ¢ &~ é- Paragiraph Ins'ert EdiEing |
k Desired temporal profile, and Ciipboar Font
. '3' FRE A S
k RMS beam size must be equal to Rc
| eINPUT
FNAME = '"for c+h BSA 1pSmm.ini”
. : ADD=.F
N_add=0

1

IPart=200000
Speciez="electrons'
Probe=.True.

Noise reduc=.F.
High res=.T.
Cathode=.T.

0 total=0.5

2 1 o 1 2 Ref zpos=0.0E0D

r mm ef clock=0.0ED
Rof Ekinm0. 020 Also Flat-Top
7 Dist z="gauss"',
sig_clgckzg.asaz@—s, < If necessary
Dist pz="1",
sig_Ekin=0.0E0,
emit_=z=0.00E0Q ,
cor Ekin=0.E0, =
I.E=E]f:00055 i— Ek 0.55 ey
Dist_x='z', thermal emittance

sig x=0.853
Dist y='r"',
zig v=0.85
Dist_px="r",
[y : . Nemit_x=0.0E0,
cor_px=0.0EQ
X Dist py="r',
Wemit y=0.0E0Q,
cor py=0.0EOD

C. Hernandez-Garcia & M. LPROMPT=.F

0.5

L
norm. particle density




Step 6: Generating core + halo distribution with R, and

o, based on uniform distribution

B Editor - \\win.desy.de\home\carlos\My Documents\PITZ\Emission model deve

1= clear;
1. Open the MatLab script “core_halo | I
generator for ASTRA,m”, Saved |n i = fn='fr:ur_c+h_353_1p@nunperturhed dist
5 ss!testl0k.ini'
6
7 %(ETHR=1.5 % signaHalo/sigmaCore
2 Edit the Scnpt to: z— xi=1.0 %This defined the height of the Gaussia

=
L]

1. Load the uniform baseline distribution
2. SetR,

14 Ec=Rc 12—3, 2 mm -> m

tBased on manual fit for BSA O.Emm
Ec=0.85;

13 3from here everything in meters!

4. Save the core + halo distribution

18 — drg=Rc/100:;%*grid for the profile
135
20
21 — rg=0.0*drg:drg:Rc*2+2*drg;
22 — Hgrid=max (=size(rg)) :
22= EHCgoal=rg.*0;
> NOTE: The script needs the macro g e

named: “Rdistr.m”

26 — for n=1:Hgrid
27 — EHCgoal (n)=Rdistr(rg(n), Rc, xi, =igH):
end

fno=['c+h B5A 1p8mm']: %D'Jtp'a@
34 - il fno,".", """}
C. Hernandez-Garcia & M. 35 — fno=[fno,'.ini'] %output ASTRA ini file

38 — fid=fopen (fno, "wt'):



Step 6: This is the last step in the procedure

> The script takes the uniform baseline

distribution and makes a new ST RSCITY, - I —
distribution composed of a flat-top
core with radius R, and a decaying
Gaussian-like halo shifted by R, and
with o, by modification of the

macroparticle charge

[ 3 — T T T T T T T T L—

for_c+h_BSA_1p8mm.ini c+h_BSA "Mp8mrh.ini

'}
R L T T T ! H
|

Y T
[¢]
1y
o
T

L\l2 =] L L | L I L | - I PR

-2 -1 0 1 2 C. Hernandez-Gal S " }




Procedure summary

R

Capture VC2 image and data

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

Run MatLab script “RadProfiler.m” to generate radial profile
Find core + halo parameters (R, , o, ) from the radial profile
Generate baseline uniform particle distribution with XYrms= R,

Run MatLab script “core_halo generator for ASTRA.m" with R,
o, 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 R, and ¢
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150
)

Charge [pC]

Charge [pC]

The following graphs shows the sensitivity of the semi-

analytical model to the core + halo parameters R_. and o
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Model by Mikhail Krasilnikov (PITZ)
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except where indicated
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CAUTION!!! Note that halo changes also with increased

Laser Transmission (LT).

> This means that if the VC2 > HOWEVER often the emittance is
iImage is captured with low LT, measured with|higher LT |values,
R. and o, are found fitting that which are not VC2 captured, but that
laser radial profile certainly|changes the halo profile

12 T T T T T 1.4 norm to avg for LT 5%
JA13 s NOM to avg for LT 10%
- o norm to avg for LT 15%
s o 1.2 norm to avg for LT 20%
1 N | T 7 s NOTM t0 avg for LT 25%
oty s nOrm to avg for LT 30%
] . 1 - e norm to avg for LT 35%
.I" . 3 e e = norm to avg for LT 40%
W (1]
. e e e« norm to avg for LT 45%
TG 1p,2, 011034
BaEns "? A A norm to avg for LT 50%
— 20.8 0
T& s, 2,013,034 c Y ~ norm to avg for LT 55%
_“ ) i *g "’CD satur‘itlon e e« == norm to avg for LT 60%
TG!I:.&_.HE,?H- ; = == == norm to avg for LT 65%
J— _g 0.6 == == == norm to avg for LT 70%
H-!’XS' © @ e = norm to avg for LT 75%
—_ 4 §
204 ’
0.2
TS )
T ACrkzn | |
00l 01 03 0 . , o
i) 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Radius [mm]

C. Hernandez-Garcia & M. Krasilnikov | PPS Zeuthen | 18/06/2015| Page 22



Laser halo intensity distribution effect to emittance (Q. Zhao)

» 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.

conditions: 0-measurement, , 2-fit1 simu
100pC BSA= 0.9mm 3-fit2 simu, 4-fit3 simu
1 0.65
B0 100pC measurement
T 0.60
o
g 0.55 . 1 uniform simu
g 0.50
2 0.45 m W2 fit1 simu
c
£ 0.40
€ W 3 fit2 simu
o 0.35
o 0 DL 0‘4 0‘6 0‘8 030 .4 f|t3 S|mu
0 1 2 3 4 5
conditions
1 nC BSA=1.6mm
1.65
T ' I ' __ 160 ﬁ WO 1nc measurement
1—=% PR x ."o.. 7 -g 1.55
o * | g 1.50 1 uniform simu
, £ 1.45
,M— ] l§ 140 .2 f|t1 SImU
- § 1.35 N B
£ m 3 fit2 simu
ot _ g 1.30
(4]
N 1.25 W4 fit3 simu
0 02 04 0.6 0.8 1 1 20 ]
0 1 2 3 4 5
conditions
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...this means there is less Halo for larger BSA settings...

Laser radial profiles extracted from the

cathode imaging plane for various beam Ratio of Area Halo / Area Core
» diameters (BSA) 070 - -
' —— Normalized BSA 0.6 mm ' < l
/\ ~—— Normalized BSA 0.7 mm %s@
12 /\\ TAWSS AN Normalized BSA 0.8 mm 0.60 . /5(9
\ ———Normalized BSA 0.9 mm ' ® \ 6/9
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...which is consistent with measurements showing that less

charge is extracted from Halo for larger BSA settings

> The slope indicates that charge continues to be extracted from the saturated regions
even though charge from core has saturated

Q vs Laser pulse energy SLOPE:

= ->
Example: Pgun 6 MW Large slope = more charge -> more

Halo
25 :
’r‘—rM AQ vs EL slope for Pgun 1.5 MW
y =1.2655x + 1295.3 AQ vs EL slope for Pgun 3.375 MW
Beam diameter 1.8 mm A AQ vs EL slope for Pgun 6 MW
2
A A
y = 1.355x + 807.17 g
¢ Beam diameter 1.4 mm 'g" 15
g 5
2 © G/)) A A 4 A
(o] I 6//
g = (S8
y =1.8794x + 398.9 o 1 % < A
Beam diameter 1.0 mm §| \Q@ /é
7] /‘/ ﬁ
“ S,
9@/,
b A
y=2.1181x + 269.25 0.5 @e/})
Beam diameter 0.8 mm O}é
*
ey
S
250 . . . . . . . 0 -
0 50 100 150 200 250 300 350 0.4 0.9 1.4 1.9
Laser pulse energy at the cathode [nJ] Beam diameter (mm)
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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.

,/‘/ — P gun

ﬁ? A [MW]

0.5
/ j ore Hal _> A 6.0
0 / M aol

0.10 0.20 0.30 0.40 0.50
Area Halo / Area Core A 3375

from Halo

Extracted charge slope

> 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.

A 15

> Using M. Krasilnikov’'s model with the input charge [pC]
core radius and halo Gaussian o, found
from the laser radial profile, and fitting 10| _
only Qmax, one gets fairly good I
agreement with ASTRA and with
experimental measurements in the

saturated region

100~

Charge [pC]

50—

C. Hernandez-Garcia & M. ¥ s _ 01 2‘n_ s 3 a"s_” o Y
Laser pulse energy [nJ] "..



BACKUP SLIDES

>BACKUP

>SLIDES

C. Hernandez-Garcia & M. Krasilnikov | PPS Zeuthen | 18/06/2015| Page 28



Laser radial profiles extracted from measured transverse

distributions (integrated over ¢) for various beam diameters

BSA=0.8 mm 014 BSA=1.0 mm
' |
—— I for LT 5% — 1 for LT 5%
—— 1 for LT 10% | 0.12 | for LT 10%
I for LT 15% _ | for LT 15%
——|for LT 20% 0.1 | for LT 20%
| for LT 25% - | for LT 25%
——1for LT 30% 0.08 | for LT 30%
——| for LT 35% | e | fOr LT 35°A,
| for LT 40% - 0.06 | for LT 40% |
0.04
S, 0.02 \
M 0 S
0 -0.02
0.00 0.20 0.40 0.60 0.80 1.00 0.00 0.20 0.40 0.60 0.80 1.00
radius (mm) 0.04
' | for LT 5%
0.06 | | _
e for LT 5% 0.035 +— A : ::or LT 10%
| fOr LT 10% 0rLT150/o
0.05 - | for LT 15% — 0.03 - | for LT 20?
——| for LT 20% - : ]for g gg of’
——| for LT 25% LU D ) % ) or o
0.04 - | for LT 30% — 0.025 1Y talalis | for LT 35%
——1 for LT 35% | for LT 40%
| for LT 40% 0.02 | for LT 45%
0.03 | for LT 45% — | for LT 50%
\ = = = | for LT 55%
0.015 v - — —1for LT 60%
0.02 \| = = —1forLT 65%
0.01 - = = =1 forLT 70%
A
0.01 0.005 h\
BSA =1.4 mm BSA=1.8 mm N
0 |
0
000 025 050 075 1.00 125 150 0.00 0.25 0.50 0.75 1.00 1.25 50
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The output from postpro shows that XYrms for core+halo

distribution is very close to that for the uniform distribution

200000 particles from file c+h Rc=034 sg=013.ini (3

Cathode located at: BT 0.000 m

Particles taken into account N = 200000

total charge Q= -0.1624 nC

horizontal beam position x = S5.09%8E-04 mm

vertical beam position v = 1.2130E-03 mm

longitudinal beam position o= 0.000 m

horizontal beam size sig x = 0.1984 bl

vertical beam size sig ¥ = 0.1989 0T

longitudinal beam size sig = = 0.000 biicil

total emission time o= 1.3755E-02 ns

rm=s emission time sig t = 1.5038E-03 ns

average kinetic energy E: = 5.4988E-07 MHeV

energy spread dE = 1.6919E-06 keV

average momentum B = T.4965E-04 HMeV/c

transverse beam emittance eps X = 0.1679 pl mrad mm
correlated divergence SO X -8.178 mrad

transverse beam emittance eps ¥y = 0.1686 pi mrad mm
correlated divergence cor ¥ = 0.1764 mrad

longitudinal beam emittance eps z = 0.000 pi keV mm
correlated energy spread car =z = 0.000 keV

emittance ratio eps v/eps X = 0.9956

trace space emittance eps x = 45.84 pli mrad mm

trace sSpace emittance eps ¥ = 48.99 pi mrad mm

Reduced emittances:

hor. emittance minus =z correlation: = 0.187% pi mrad mm
hor. emittance minus z & E correlation: = 0.1609 pi mrad mm
ver. emittance minus z correlation: = 0.1686 pi mrad mm
ver. emittance minus z & E correlation: = 0.150% pi mrad mm
long. emitance minus 2Znd order corr.: = 0.000 pi keV mm
long. emitance minus 2Znd & 3rd order corr.: = 0.000 pi keV mm
Particle Statistics:

Total number of particles on stack = 200000

Electrons (total) = 200000

particles at the cathode = 200000

active particles = o

passive particles (lost out of bunch) = o -
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Size (slide by M. Gross)

BSA size
[mm]* Cathode camera VC2 Size ratios Cathode/VC2
XRMS  yRMS xyRMS | xRMS  yRMS xyRMS X y xy JJBSA/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 0604 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 ]

> 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
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The slope of the output charge depends on the initial

bunch length

Output charge vs injected charge for Gaussian Output charge evolution with time for
temporal profiles with varying pulse length indicated set of injected charges
260 300
280
240
260
220 240
‘6’. = «="(Q out BSA 0.8mm
—- IGS sgt=0.5 ps —_
& -~ 1Qout BSA 0.8mm %_ 220
o 1GS sgt=1 ps =
S 200 —Q ougt BSEO.Smm 5
5 ] GS sgt=1.5 ps 8 200
s Q out BSA 0.8mm
3 IGS sgt=5 ps
o 180 Q out BSA 0.8mm 180
GS sgt=10 ps .
Q ougt BSA F()).8mm ===-Q in @ 5000
1GS sgt=12.5 ps 160
160 ===Qin @ 3000
140
—=Qin @ 1000
140 120
0 1000| 2000 | 3000/ 4000 |5000| 6000 0 5 10 15
Input charge [pC] sigma t [ps]
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More charge can be extracted as the injected current is
increased due to the formation of the virtual cathode

Output charge vst for Gaussian temporal with sigt=1.5 ps for various
injected charges

-0.1 Qjn 750pC GS
——Qin 500pC GS
—Qin 200 pC GS

Qin 150 pC GS
—AQin 100 pC GS

0.02
-0.005 -0.0025 0 0.0025 0.005 0.0075 0.01

time [ns]

Cathode Total Electric field (SC+RF) vs time for Gaussian temporal
sigt=1.5ps for various injected charges
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Total field at cathode [MV/m)]

SC+RF vs time for Q in=250pC various pulse lengths (all Gaussian

temporal profiles)

1508407 SC+RF 0.5ps
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SC+RF for Q in=250pC various pulse lengths (all Gaussian

temporal profiles)
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In addition, QE scans for old and new cathodes are

drastically different.

> How to reproduce these measurements in simulations if machine
parameters are the same for both?

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