
Sensitivity
Intensity per bunch = intensity per bunch per charge

Intensity vs. charge for YAG and OTR screens

Fixed parameters:
- Momentum ~24.8 MeV/c 
- Camera gain: 2 dB

Varied parameters:
- No. of  bunches per train
- Focusing (adjusted solenoid

current to have the same
beam area)

Conclusions
- The sensitivity of YAG screens is about 25 times higher than that of 
OTR screens under given conditions
- Intensity is linearly proportional to bunch charge
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Optimization of L-Band Photo Cathode RF Gun @ PITZ

Comparison YAG and CVD-Diamond Screens 

RMS Beam Size
Definition:

σxy: geometrical mean RMS size
σx: horizontal RMS size
σy: vertical RMS size

Included correction of different optical path length for YAG and OTR
- Not yet corrected for depth-of-field from 45o mounting configuration

Fixed parameters
- Momentum ~24.8 MeV/c 
- No. of  bunch per train: 1
- Camera gain
- Focusing (solenoid & quadrupole)

Geometrical RMS size measured Horizontal and vertical RMS
with YAG and OTR screens at size deviation (∆σx , ∆σy)
different locations. between the measurements

with YAG and OTR screens.

Conclusions
- OTR screens have better resolution compared to YAG (multiple 
scattering in YAG screens)

Screens and Scanners used in these measurements

YAG and OTR Screens 
vs. Wire Scanner

RMS beam size measured by wire scanner (WS) and YAG screens at 
different locations along the accelerator (z-axis)

Note: No magnetic fields were applied in this region of the linac

Conclusions
- Projections calculated form YAG/OTR profile measurements and 
measured with wire scanner show excellent agreement (profile and 
size)
- Linear expansion of beam size due to space charge was measured 
in field free region

Comparison YAG and OTR Screens 

Comparison of Different Radiators Used to Measure t he Trans-
verse Characteristics of Low Energy Electron Beams at PITZ 

1.6 cell RF un 
NC (copper)

Main solenoid,
Bz_peak~0.2T

Bucking 
solenoid

Photo cathode (Cs2Te)
QE~0.5-5%

Coaxial RF 
coupler

Cathode laser

Electron 
bunch

Mirror in 
vacuum

Current PITZ Setup (PITZ 1.8)

Parameter Value

Max. RF repetition rate 10 Hz
Max. RF power 6 MW peak
Max. RF pulse length 800 µs
No. of pulses per train 1 to 800
Bunch spacing 0.2 to 1 µs
Max. bunch charge few nC

Screen station configurations at PITZ

YAG Screen
100 to 350 µm thick silicon wafer coated with 5 to 20 µm of Ce:YAG 
powder. Can be mounted in 45°and 90°configurations.  The 
wavelength of peak emission is 510 nm.

Resolution of beam image
Beamlet image from 10 µm slit
(03.06.2009)
Beam momentum ~14.7 MeV/c
Measured @ 1.76 m from slit position
Detail structure of image ~50 µm
Vertical RMS size <70 µm

Optical Transition radiation (OTR) Screen
275 µm thick aluminum coated silicon wafer. Always mounted in 45°
configuration to capture backward radiation. Good resolution but low 
intensity at low beam energies.

OTR screen
45o

e-beam

CCD camera
Lens

Mirror

θ

CVD Diamond Screen
100 µm thick wafer coated with Chemical Vapor Deposition (CVD) 
diamond. The screen diameter is 30 mm and it is mounted in 45°
configuration. The wavelength range of peak emission is 415 nm to 
478 nm. Advantages: Radiation hard and high thermal conductivity 
(5x Cu) → Good for long pulse trains.

Wire Scanner
Measurement of Bremsstrahlung losses / production of secondary 
electrons by primary beam in the wire material (tungsten). The 
diameter of the wire is 20 µm and the average step size used in this 
study was 100 µm. Both horizontal and vertical wire scanners are 
installed at PITZ.

Reference: M. Degenhard, 
“CVD Diamond Screens for 
Beamline Diagnosis at 
PETRA III”, not yet published
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Dependence on Momentum
Intensity = integrating intensity per bunch per beam area per charge

Intensity vs. momentum for OTR screen

Fixed Parameters:
- Bunch charge per train: 1 nC

Varied parameters:
- No. of bunches per train 
- Camera gain
- Focusing (solenoid current)

Conclusions
- Signal intensity of OTR increases with beam momentum (more than a 
factor of 2 for momentum increase from 15 MeV/c to 25 MeV/c)
- Trend of analytical calculations was confirmed

Sensitivity

Intensity vs. charge
for YAG and CVD-
diamond screens

Fixed parameters:
- Momentum ~24.8 MeV/c 
- Camera gain: 20 dB

Varied parameters:
- No. of  bunches per train
- Focusing

RMS Beam Size

Preliminary result – Reasons?

Conclusions
- The sensitivity of YAG screens is about 5 times higher than that of 
CVD-Diamond screens under given conditions
- Intensity is proportional to bunch charge for both YAG and CVD-
diamond screens
- The rms size of the image on the CVD-diamond screen is about 36% 
bigger → cause?

%36≈
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Dependence on Momentum
Intensity = integrating intensity per bunch per beam area per charge

RMS beam size vs. beam momentum

Fixed parameters:
- Momentum: ~24.8 MeV/c
- Bunch charge: 1 nC 
- Camera gain: 20 dB
- Varied parameters:
- No. of bunches per train: YAG (1 bunch), 

CVD diamond (5 bunches)
- Focusing (solenoid)

Conclusions
- RMS beam size decreases for increasing beam momentum
- Intensity is independent of beam momentum for CVD-diamond (some 
dependency for YAG?)
- Both screen types show similar behavior
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Profiles

YAG - σxy = 0.67 mm(RMS)

CVD-Diamond - σxy = 0.79 mm(RMS)

Conclusions
- CVD-diamond screen has smoother image

Beam profiles measured with YAG screen compared to measurement 
of x- and y-projections with wire scanner

Summary
Properties of YAG powder coating, OTR and CVD-diamond screens, 
as well as wire scanner @ PITZ were summarized

Test results of different screen types were compared:
- Sensitivity: YAG > CVD-diamond > OTR
- Beam size: OTR < YAG < CVD-diamond

Good agreement for both beam size and projection profiles for wire 
scanner vs. YAG screen

low energy section (pz ~6.7 MeV/c) high energy section (pz ~24.8 MeV/c)

Calculated angular spectral intensisity and relative total intensity per 
electron.
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Comparison of measured beam profiles
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