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‣ A photoinjector is an electron source that uses laser 
pulses in order to extract electrons from the surface of a 
metallic or semiconductor cathode by using the 
photoemission process.

‣ The electron beam resembles the temporal structure of 
the laser beam therefore it is a compact system without 
need for an additional bunching system.

‣ An RF cavity is used for rapid acceleration of the 
electrons after the emission.

‣ Solenoid magnets are placed in order to focus the space 
charge dominated beam and achieve the emittance 
compensation.
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A Photoinjector project for CTF3 and for future CLIC-DB source.

‣ A photoinjector with the specifications of CTF3 thermionic gun.

‣ The project is in the framework of the “Coordinated Accelerator 
Research in Europe (CARE)” program. 

‣ A collaboration... 

“Laboratoire de l'Accélérateur Linéaire (LAL)” 

RF gun

“Rutherford Appleton Laboratory (RAL)”  

Laser

“European Organization for Nuclear Research (CERN)”

Photocathode production,

Overall coordination 

Commissioning
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‣ Eventually, to study the consequences of the findings to 
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‣ Nevertheless, the FC is the most useful in order to study the 
charge transmission along the downstream of the beamline.

‣ In principle, the charge production saturates with the increasing 
laser energy per pulse.

‣ The maximum achievable charge has been measured as 4.4 
nC during the commissioning which even exceeds the 
specification. 
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‣ The field map has been used for the beam dynamics simulations with PARMELA
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‣ Charged particles emit Optical Transition Radiation 
(OTR) while crossing a boundary with different dielectric 
properties.

‣ OTR is used to measure the beam profile as a 
diagnostics tool.

‣ In PHIN, two OTR monitors for emittance-meter (MTV1) 
and spectrometer (MTV2).

‣ OTR can be detected by a ICCD (Intensified Charge 
Coupled Device) camera,

‣ Gateability of ICCD is used for the time-resolved 
measurements.
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‣ Beam size can be measured as a time-resolved manner 
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Beam Instrumentation & Characterization

‣ Beam size is measured as a function of the focusing,

‣ A MatLab software has been developed for interfacing with 
the instrumentation for automatic data acquisition.

‣ A benchmark measurement 

‣ to diagnose the beam and the instrumentation,

‣ to calibrate the input parameters for the simulations with 
respect to the actual system settings.

‣ such as laser spot size, beam energy, focusing magnet 
current, RF phase, gradient, charge per bunch...

‣ The error bars indicate the shot-to-shot statistical deviations.
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Beam Instrumentation & Characterization

‣ Beam size is measured as a function of the focusing,

‣ A MatLab software has been developed for interfacing with 
the instrumentation for automatic data acquisition.

‣ A benchmark measurement 

‣ to diagnose the beam and the instrumentation,

‣ to calibrate the input parameters for the simulations with 
respect to the actual system settings.

‣ such as laser spot size, beam energy, focusing magnet 
current, RF phase, gradient, charge per bunch...

‣ The error bars indicate the shot-to-shot statistical deviations.

0 200 400 600 800 1000 1200
0

0.5

1

1.5

2

2.5

3

3.5

4

Gate Position Along the Pulse Train (ns)

Be
am

 S
iz

e 
(m

m
)

Gated Beam Size Scan @ 202 (No: 05−10) (03.03.2010)
 

 
<!x> 1.8(± 0.48) mm

<!y> 1.7(± 0.69) mm

PARMELA Simulation

Statistical Deviation

Constant Gate Duration



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete 21

Beam Instrumentation & CharacterizationEmittance-Meter



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete 21

Beam Instrumentation & CharacterizationEmittance-Meter



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete 21

Beam Instrumentation & CharacterizationEmittance-Meter

file://localhost/Users/OM/PHDthesis/Chapter4_Files/Dump_V3_Collimator.png
file://localhost/Users/OM/PHDthesis/Chapter4_Files/Dump_V3_Collimator.png
file://localhost/Users/OM/PHDthesis/Chapter4_Files/Dump_V3_Collimator.png
file://localhost/Users/OM/PHDthesis/Chapter4_Files/Dump_V3_Collimator.png
file://localhost/Users/OM/PHDthesis/Chapter4_Files/Dump_V3_Collimator.png


PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

‣ Transverse emittance has been measured by using 
multi-slit (MS) method.
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‣ Transverse emittance has been measured by using 
multi-slit (MS) method.

‣ The MS method is suitable for the space charge 
dominated low-energy beams. 
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According to the MS method

‣ The MS mask is introduced in front of the beam,

‣ The beam is sliced into individual beamlets,
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According to the MS method

‣ The MS mask is introduced in front of the beam,

‣ The beam is sliced into individual beamlets,

‣ The moments of the beamlets are determined from 
the beam profile,
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According to the MS method

‣ The MS mask is introduced in front of the beam,

‣ The beam is sliced into individual beamlets,

‣ The moments of the beamlets are determined from 
the beam profile,

‣ And the emittance of the former beam is 
calculated.
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According to the MS method

‣ The MS mask is introduced in front of the beam,

‣ The beam is sliced into individual beamlets,

‣ The moments of the beamlets are determined from 
the beam profile,

‣ And the emittance of the former beam is 
calculated.

‣ Multi-slit method has been implemented for the 
first time at CERN during the PHIN commissioning 
studies.
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PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

According to the MS method

‣ The MS mask is introduced in front of the beam,

‣ The beam is sliced into individual beamlets,

‣ The moments of the beamlets are determined from 
the beam profile,

‣ And the emittance of the former beam is 
calculated.

‣ Multi-slit method has been implemented for the 
first time at CERN during the PHIN commissioning 
studies.

‣ Development of an analysis method and producing 
several algorithms by considering different 
background (noise) patterns. 
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According to the MS method

‣ The MS mask is introduced in front of the beam,

‣ The beam is sliced into individual beamlets,

‣ The moments of the beamlets are determined from 
the beam profile,

‣ And the emittance of the former beam is 
calculated.

‣ Multi-slit method has been implemented for the 
first time at CERN during the PHIN commissioning 
studies.

‣ Development of an analysis method and producing 
several algorithms by considering different 
background (noise) patterns. 

‣ PHINEMA: PHIN photo-injector Emittance 
Measurement and Analysis software
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‣ A typical beam profile after the multi-slit mask,
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‣ A typical beam profile after the multi-slit mask,

‣ Data analysis procedure:

‣ determination of the region of interest for the 
background,
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‣ A typical beam profile after the multi-slit mask,

‣ Data analysis procedure:

‣ determination of the region of interest for the 
background,

‣ fitting a model to the background,
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Beamlets with Background Subtraction ‣ A typical beam profile after the multi-slit mask,

‣ Data analysis procedure:

‣ determination of the region of interest for the 
background,

‣ fitting a model to the background,

‣ subtraction of the proper background,
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Beamlets with Gaussian Fit Curves ‣ A typical beam profile after the multi-slit mask,

‣ Data analysis procedure:

‣ determination of the region of interest for the 
background,

‣ fitting a model to the background,

‣ determination of the first and the second 
moments of the beamlets.

‣ subtraction of the proper background,
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Beamlets with Gaussian Fit Curves ‣ A typical beam profile after the multi-slit mask,

‣ Data analysis procedure:

‣ determination of the region of interest for the 
background,

‣ fitting a model to the background,

‣ determination of the first and the second 
moments of the beamlets.

‣ calculation of the geometric emittance

‣ subtraction of the proper background,
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Beamlets with Gaussian Fit Curves ‣ A typical beam profile after the multi-slit mask,

‣ Data analysis procedure:

‣ determination of the region of interest for the 
background,

‣ fitting a model to the background,

‣ determination of the first and the second 
moments of the beamlets.

‣ calculation of the geometric emittance

‣ reconstruction of the phase space.

‣ subtraction of the proper background,
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Beamlets with Gaussian Fit Curves
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Beamlets with Gaussian Fit Curves

, intensity of individual beamlets.ρi

, divergences of the beamletsx′
i,c =< xi − iw > /L

, mean positions of the beamlets.xi,c

, spread on the divergences.σ′
i
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Emittance Calculation

The definition of the transverse geometric emittance.
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Emittance Calculation

The definition of the transverse geometric emittance.
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 Time-Resolved Emittance Measurement

‣ Variation becomes visible with the increasing resolution along the 
pulse train.
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 Time-Resolved Emittance Measurement

‣ Variation becomes visible with the increasing resolution along the 
pulse train.

‣ “Usual suspects”: Laser intensity fluctuations or RF pulse shape?
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‣ Variation becomes visible with the increasing resolution along the 
pulse train.

‣ “Usual suspects”: Laser intensity fluctuations or RF pulse shape?

‣ A correlation between RF pulse shape and the emittance variation 
along the pulse train has been determined.
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Beam Instrumentation & Characterization

‣ A magnetic spectrometer has been used for the energy 
measurements.

Spectrometer
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‣ A magnetic spectrometer has been used for the energy 
measurements.

Spectrometer

0
5

10
15

20
25

30
35

0
5

10
15

20
25

30
0

500

1000

1500

2000

2500

z (cm)x (cm)

M
ag

ne
tic

 F
ie

ld
 (G

au
ss

)

x 
(c

m
)

z (cm)

Magnetic Field (Gauss)

 

 

0 5 10 15 20 25 30
0

5

10

15

20

25

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
The Path of the Beam

E =
ec

αtot

∫

path
Bzds

‣ Principle: measurement of the beam momentum 
distribution after a dipole with a known magnetic field.
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Beam Instrumentation & Characterization

‣ A magnetic spectrometer has been used for the energy 
measurements.
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‣ Principle: measurement of the beam momentum 
distribution after a dipole with a known magnetic field.

‣ Beam momentum distribution can be measured by an 
OTR profile monitor or a segmented dump.
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*Measurement has been done by Daniel Egger / EPFL.
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‣ Segmented dump 
measurements also 
reveal the correlation 
between the beam and 
the RF pulse shape 
which supports the 
time-resolved emittance 
and beam size 
measurements.

*Measurement has been done by Daniel Egger / EPFL.
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‣ Segmented dump 
measurements also 
reveal the correlation 
between the beam and 
the RF pulse shape 
which supports the 
time-resolved emittance 
and beam size 
measurements.

‣ The average energy 
spread along the pulse 
train has been 
characterized* as 0.7 
(0.022)%

*Measurement has been done by Daniel Egger / EPFL.
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‣ Segmented dump 
measurements also 
reveal the correlation 
between the beam and 
the RF pulse shape 
which supports the 
time-resolved emittance 
and beam size 
measurements.

‣ The average energy 
spread along the pulse 
train has been 
characterized* as 0.7 
(0.022)%

‣ The result satisfies the 
PHIN specification for 
the energy spread.

*Measurement has been done by Daniel Egger / EPFL.
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Summary of the experimental results 

The measured PHIN stability in comparison with the 
simulated CLIC DB tolerances at the end of the 
injector.

*Private communication with E. Adli, A. Aksoy.
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Summary of the experimental results 

The measured PHIN stability in comparison with the 
simulated CLIC DB tolerances at the end of the 
injector.

*Private communication with E. Adli, A. Aksoy.

Parameter Specification Achieved

RF

RF Gradient (MV/m) 85 85

RF Frequency (GHz) 2.99855 2.99855

Electron Beam

Charge per Bunch (nC) 2.33 4.4

Charge per Train (nC) 4446 5800

Train Length (ns) 1273 1300

Number of Bunches/Train 1908 1950

Current (A) 3.5 6.6

Normalized Emittance (mm mrad) <25   14

Energy (MeV) 5.5 5.5

Energy Spread (%) ≤1 0.7

Laser and Cathode

Charge Stability (%) <0.25 0.8-2.4

Cathode Cs2Te Cs2Te

Quantum Efficiency (%) 3 18 (peak)

UV Laser Energy / Pulse (nJ) 370 400

Micropulse Repetition Rate (GHz) 1.5 1.5

Macropulse Repetition Rate (Hz) 1-5 1-5
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‣ A feedback stabilization system is planned to be 
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and the RF pulse shape has been understood via 
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simulated CLIC DB tolerances at the end of the 
injector.

*Private communication with E. Adli, A. Aksoy.

‣ All the specifications have been fulfilled during the 
commissioning (except the charge stability)

‣ A feedback stabilization system is planned to be 
built for the laser intensity stability in order to 
improve the charge stability.

‣ Correlation between the electron beam,  the laser  
and the RF pulse shape has been understood via 
the measurements along the pulse train.

‣ All measurement results can be reproduced 
successfully by the single bunch PARMELA 
simulations.

Parameter Specification Achieved

RF

RF Gradient (MV/m) 85 85

RF Frequency (GHz) 2.99855 2.99855

Electron Beam

Charge per Bunch (nC) 2.33 4.4

Charge per Train (nC) 4446 5800

Train Length (ns) 1273 1300

Number of Bunches/Train 1908 1950

Current (A) 3.5 6.6

Normalized Emittance (mm mrad) <25   14

Energy (MeV) 5.5 5.5

Energy Spread (%) ≤1 0.7

Laser and Cathode

Charge Stability (%) <0.25 0.8-2.4

Cathode Cs2Te Cs2Te

Quantum Efficiency (%) 3 18 (peak)

UV Laser Energy / Pulse (nJ) 370 400

Micropulse Repetition Rate (GHz) 1.5 1.5

Macropulse Repetition Rate (Hz) 1-5 1-5

30



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

‣ It has been demonstrated that a photoinjector,

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

‣ It has been demonstrated that a photoinjector,

‣ is feasible to be a replacement for the CTF3 thermionic gun

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

‣ It has been demonstrated that a photoinjector,

‣ is feasible to be a replacement for the CTF3 thermionic gun

‣ can provide the specifications required by CTF3 

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

‣ It has been demonstrated that a photoinjector,

‣ is feasible to be a replacement for the CTF3 thermionic gun

‣ can provide the specifications required by CTF3 

‣ generates no parasitic charge (satellites), therefore solves the current problem of CTF3 injector.

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

‣ It has been demonstrated that a photoinjector,

‣ is feasible to be a replacement for the CTF3 thermionic gun

‣ can provide the specifications required by CTF3 

‣ generates no parasitic charge (satellites), therefore solves the current problem of CTF3 injector.

as a consequence:

31



PHIN Photoinjector as the CLIC-DB e- Source /  ICPP / 24 June 2011 Öznur Mete

Conclusions 

‣ The aim of the research program is to demonstrate the feasibility of a photoinjector first as the CTF3 gun and 
further for the future CLIC drive beam source,

‣ The stability of the beam properties have been characterized for exceptionally long pulse train of 1.2 μs,

‣ It has been demonstrated that a photoinjector,

‣ is feasible to be a replacement for the CTF3 thermionic gun

‣ can provide the specifications required by CTF3 

‣ generates no parasitic charge (satellites), therefore solves the current problem of CTF3 injector.

‣ The conceptual study of a 1 GHz RF gun with the CLIC-DB specifications has been initiated,

‣ The preliminary beam dynamics simulations have been performed

‣ The results have been compared with the ongoing CLIC-CDR baseline thermionic injector studies for CLIC DB, 

‣ The photoinjector option has been emphasized as a DB source candidate.

as a consequence:
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‣ Width of the slits, 

‣ Distance between the screen and the mask,

‣ Shot-to-shot intensity stability of the beam,

‣ The statistical and the systematic errors are 
comparable for the PHIN beam emittance 
measurements.

‣ For the given particular example, the systematic 
error of the measurement is less than the 
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‣ No limitations due to the measurement system

‣ Statistical errors reflect the shot-to-shot stability
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Correlation Between the Laser and the electron Beam
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A practical model for the optimization studies, C. Travier’s Model

‣ The nominal laser spot size,

‣ Maximum achievable gradient,

‣ The emission phase of the particles with respect to the 
RF field,

‣ Compromise between minimum emittance and 
minimum energy spread,

‣ Production of the specified charge value, 
transmission,

‣ Eventually, determination of a working point for a 
particular set of specifications.

‣ The proper beam focusing for the emittance 
compensation,
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Beam Instrumentation & CharacterizationBeam Loading Compensation

The field that is seen by the electrons is a superposition of both the RF field and the beam induced 
field. The beam-induced field is 180  out of phase with respect to the RF field. In this case, the timing 
of the beam is chosen correctly in order to achieve a flat acceleration field.
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The field that is seen by the electrons is a superposition of both the RF field and the beam induced 
field. The beam-induced field is 180  out of phase with respect to the RF field. In this case, the timing 
of the beam is chosen correctly in order to achieve a flat acceleration field.

The beam loading compensation is studied and optimized for the PHIN photoinjector by adjusting the 
timing of the beam versus the RF pulse.

RF power in the gun

Reflected power

RF power in the gun

Reflected power

Beam OnNo Beam

The PHIN commissioning measurements have been performed under the conditions where the 
beam loading is compensated.
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Background Sources for the OTR Monitoring of PHIN

39

‣ the electrons that are not stopped by the slit-mask, 

‣ the overlapping between the individual beamlets, 

‣ x-rays 

‣ external light pollution 

‣ radiation due to the heating of the OTR screen

First of all, consider the intensity of the beam, gain and spectral sensitivity of the camera, type of the 
observation screen, always respect the signal/noise ratio.

‣ thickness of the multi-slit mask,

‣ optimization of distance between the screen and the mask,

‣ shielding the camera properly,

‣ shielding or using a light-tight enclosure,

‣ offline treatment (usually the background has a Gaussian distribution in this case),

Possible Cure

Possible Sources
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Transverse Normalized Beam Emittance along the Pulse Train
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Numerical studies with PARMELA shows that: 

A general remark

‣ Provided that the working point is optimized for 
the proper emittance compensation, the above 
approximation holds,

‣ The proportionality constant is a function of the 
laser shape.

‣ Currently, laser shaping study in progress at PITZ.
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