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No. Beam-line element Position (mm) 

1 Cathode 0 

2 Gun center 41 

3 Steerer pair 1 352 

4 Solenoid 1 550 

5 Faraday cup and 
Profile monitor screen 

693 

6 Collimator 1 773 

7 Solenoid 2 930 

8 Steerer pair 2 1192 

9 Buncher 1360 

10 Steerer pair 3 1654 

11 Faraday cup and profile monitor 
screen 

1899 

12 Collimator 2 1979 

13 Cavity monitor 2069 

14 Energy spectrometer dipole 2369 

15 Profile monitor screen 2369 

16 Faraday cup 2369 
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REGAE electron beam 
 
 
 
Energy: 2 – 5 MeV 
 
Energy spread: 0.1% 
 
Charge: sub pC ( few fC to some 100 pC) 
 
Length: sub ps (at the moment down to 10 fs and scenarios for even shorter bunches) 
 
Rep-rate: up to 50 Hz (sub harmonics are possible:  25, 12.5, 10 and 5) 
 
Transverse size: sub mm (below 100 µm rms is also measured) 
 
Diffraction image size: several mm (10x10 mm to 40x40 mm are measured) 



REGAE diagnostics: 
- Charge measurement ( fC to several hundred pC)   
- Energy and energy spread measurement    
- Transverse profile      
- Diffraction images      

- Electron bunch length    □ … 
- Arrival time     □ … 

Charge measurement: 
- Faraday cup (electron beam and dark charge measurement) 
- Cavity monitor 
- Charge from profile monitors 

Energy and energy spread: 
- Horizontally deflecting dipole, calibrated 90 degrees kick vs. magnet current 
- Ordinary REGAE-profile-monitor station 

Profile monitors: 
- Scintillator screen (LYSO and/or FOS) 
- Lens coupling 
- Image intensifier option 
- Detector (room temperature CCD, cooled-chip EMCCD and sCMOS Neo) 

Electron bunch length: 
- Transverse deflecting structure (specially designed for few MeV) 
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Faraday cup: 
As the most ordinary tool to measure 
charge, REGAE uses the well-known 
principle of a Faraday cup. The 
design of the Faraday cups, adopted 
from FLASH, employs a copper block 
which at the same time can be used 
as a holder for a scintillator thus 
enabling simultaneous charge 
measurements and transversal 
diagnostics. REGAE has four Faraday 
cups, each of which can be used to 
measure the electron beam charge 
as well as dark current (if the 
selected cup is equipped with an 
amplifier). 

Electron beam and dark charge measurement 
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See: IBIC2013 proceedings, WEPF24 



Electron-beam charge: Voltage signal 
from Faraday cup in bunch charge 
mode. Here an average over 5 shots is 
shown. For electron beam charge 
measurements the cups yield voltage 
pulses of about 5 ns long and a height 
of 33 mV/pC (with 50 Ohm impedance) 
resulting in a large dynamic range of a 
few tens of fC to 100pC. 

Dark-current: Voltage signal from 
Faraday cup in dark current mode. 
Here a single shot with a sampling 
rate of 50 MHz is shown. Signal to 
noise ratio is clearly very good.  
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A recent measurement with the new 
gun. Error bars are std over averaged 
shots which is shown in blue. 

Electron beam and dark charge measurement 



Dark charge measurement 
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See: IPAC2014 proceedings, MOPRI027 



Cavity charge monitor 

− Monopole mode with 1.3 GHz and QL=205 design;  
− Dark current will superimpose induced field in cavity to 

a measurable level when acceleration with 1.3 GHz.  
− In addition charge measurement.  
− Developed electronics with logarithmic detector for 

high dynamic range.  
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See: IBIC2013 proceedings, WEPF25 



Charge from profile monitor: 
 
 
 
 
Here a typical charge 
measurement with cavity-charge-
monitor, Faraday cup and a 
calibrated CCD-Monitor at DDC2 
as function of the laser intensity 
is shown. An average of 10 shots 
for each measurement point is 
plotted. Calibration of the CCD-
monitor is performed with other 
monitors like the cavity-monitor 
where it still give decent signal. 
Assuming linearity this can be 
extended to ultra-low-charges 
down to the fC level.  
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See: IBIC2013 proceedings, MOPF06 



Sub pC transversal profile montoring 
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See: DESY-THESIS-2014-042 

http://www-library.desy.de/cgi-bin/showprep.pl?desy-thesis-14-042


FOS  
(fiber optics plate with CsI as scintillator)  

 
vs.  
 
LYSO :    
(Lu2(1-x)Y2xSiO5  Lutetium-yttrium oxyorthosilicate) 
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LYSO crystal: 
- Multiple internal reflection from two faces 
- Reflection from edges 
- edge blooming 
- Blooming at scratches 
- Decay time (fast 45 ns) 

FOS: 
- Coupling to the fiber channels 
- Reflection from Al-coating 
- CsI scintillator penetration in fiber channels 
- Comparison Al-coated FOS(CsI), no-Al coated 

FOS(CsI) and FOP+LYSO  
- Decay time (slow  ~1ms) 

ß-source is used to produce 
scintillation light and counts that 
scale with the collected light as a 
function of distance to the fiber 
optics scintillator are shown. For 
comparison a Lambertian source 
radiance is also shown that is 
adjusted to emit the same amount 
of light into largest cone covered in 
the closest distance to the FOS. 
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REGAE diffraction detector 
D1 is in operation since 13.04.2012 
 
- Fiber Optics Scintillator (FOS, HL and 15x15 mm) 
- Lens coupling 
- EMCCD (iXon3-888-BV) as camera 

Single shot with total charge of 6 fC Accumulated 200 shots with each shot  6 fC charge 
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finding temporal overlap: t=0 

transmitted electron beam 
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See: S. Manz et al. , Faraday Discussions, volume 177, 2015 

http://pubs.rsc.org/en/content/articlelanding/2015/fd/c4fd00204k
http://pubs.rsc.org/en/content/articlelanding/2015/fd/c4fd00204k
http://pubs.rsc.org/en/content/articlelanding/2015/fd/c4fd00204k
http://pubs.rsc.org/en/content/articlelanding/2015/fd/c4fd00204k


Detector D2; Neo sCMOS + PHOTEK image intensifier+ large area FOS 

 Large area fast high gain image intensifier 
 Maximized light coupling to collecting optics 
 Optimal lens coupling of the image intensifier 

output to the camera 
 Fast sCMOS as detector with high resolution 
 Compact 
 High dynamic range 
 Zero-order blocker 

7/11/2017 UBA17 15 

See: IBIC2016 proceedings, MOPF12 



1 ms exposure;  
 
FWHM = 120 pixel  
 
Npixel = 306x306 = 93636  
 
Ncount = 1.22x10^6 - 0.03 x 10^6 = 1.2x10^6  
 
Ne = 2.4x10^6 x 10^-3 = 2.4x10^3  
 
Nc/e = 500  
 
Ne/pixel = 0.025  

New detector faster and more sensitive  
(improved signal to noise) 

The full USAF  (50x50 mm) is within FOV at D2 

D2 layout 
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DESY II on 12.5 Hz, REGAE 50 Hz, 
1 s exposure time 

DESY II on, REGAE 50 Hz 8ms 
exposure time 

DESYII off 12.5 Hz, REGAE 50 Hz 
8 ms exposure time 
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Machine tuning has become easier using this large area detector that covers the 
entire vacuum chamber diameter 



Energy and energy spread measurement  
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Schematic TDS setup 

un-streaked 
beam size 

streaked 
beam size 



TDS Resolution: 

2
, un-streaked , uncor. 0

, streaked , introduced

sc TDS nz

sc TDS y y

m ccpR
ekV ekV
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σ σ σ σ

′
= = = =

′

assume ideal optics with 90 degree phase advance between TDS and screen 

( , ) ( , )y z xV E t z c B t z dzβ= +∫

2k π
λ=

a high resolution power 1/R requires: 
- large integrated voltage V 
- short wavelength, large k 
- large beam size in the structure σy 

Courtesy: K. Flöttmann 



Example: 5 MeV particle starts with 1mm transverse and 1 µm longitudinal 
offset, cavity voltage 0.2 MV, S-band, cos φ=1.  

 

For details see: K. Floettmann, V. Paramonov, PRST-AB 17, 024001, 2014 

Transverse momentum vs. 
position in a TDS: 
Comparison of analytical 
models and numerical 
calculation. 
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Courtesy: K. Flöttmann 



Short, high efficient rf structure with linearized 
transverse fields.  
 

Expected resolution < 10 fs 
K. Floettmann, V. Paramonov, PRST-AB 17, 024001, 2014 

In order to keep the bunch 
lengthening under control the 
TDS has to be short, the 
voltage and the beam size 
have to be small. 
 
A good resolution R can only 
be achieved if the emittance is 
small 
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Courtesy: K. Flöttmann 



23 Courtesy: A. Simonyan 





Wavelength scaling of a TDS structure: 
S-Band (3 GHz) THz (300 GHz) 

wavelength:  λ = 10 cm λ = 1 mm 
aperture radius: a ≈ 0.1 λ = 1 cm a ≈ 0.1 λ = 100 µm 
beam size: σy ≈ (0.01-0.001) λ = 0.1-1 mm σy ≈ (0.01-0.001) λ= 1-10 µm  

const.ykσ =

no profit if spot size is scaled with wavelength! 
See: IPAC2017 proceedings, MOPAB052 and the scheduled talk on this session:  
Beam Diagnostics with THz Radiation by Francois Lemery Courtesy: K. Flöttmann 



Comparison – REGAE case: 

Type S-band 20 cm THz 3 cm 
Power 5 kW 1.2 W 
V 170 KV 9.2 kV 
max. σy 0.4 mm 125 µm 
σykV 4.3 kV 7.2 kV 

Courtesy: K. Flöttmann 



Beam Arrival Cavity for a slow feedback  

• design finished, production is going to start 

 

 

 

 

 

 

• we hope to achieve a resolution 

 of ~ 10 fs with 1pC charge 

Courtesy: K. Flöttmann 

ns 

V 

See: IPAC2014 proceedings, TUPRI104 



THANKS 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Beam Arrival Cavity for a slow feedback
	Slide Number 28

