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Project Overview 
  
Why is the ODR beam size monitor important? 
 
     The goal of this project is to measure the transverse size of a single beam bunch by 
using the incoherent Optical Diffraction Radiation (ODR) with the beam energy at 28.5 
GeV which is relatively higher than those beam energy at around 1 GeV where the 
existing experiment have been done. The higher γ (beam energy/mass) makes it 
impossible to measure the ratio of the ODR yield in a valley to that in a peak to obtain the 
transverse beam size by using the conventional conducting slit target. We propose new 
method to measure the transverse beam size at the higher beam energy by using a new 
type of conducting slit target.   
     Transverse beam size can be measured simply by letting beam bunch passing through 
a vacuum space, an opening of conductive slit, without any magnetic field by using the 
ODR. The ODR is generated when a charged particle bunch passes by inhomogeneous 
boundaries, and it is considered as the optical component of the wake field of a beam 
bunch. [Ref. 1-3] By using a tilted conducting slit where a beam bunch passes through 
the center of the slit aperture, we can observe the interference pattern of the backward 
scattered ODR from two edges of the conductive slit. This beam size monitoring is non-
invasive and provides the transverse beam size of a single beam bunch. Detection of the 
diffraction radiation in the optical wave length can be done simply using a CCD camera. 
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In the Linear Collider, this method provides the transverse beam size information of an 
accelerator beam in its normal operation mode with the minimum disturbance to the 
beam quality.  
     Although the level of non-invasiveness is almost the same as the ODR transverse 
beam size monitoring, two other methods, laser wire beam size monitoring and the 
synchrotron radiation beam size monitoring has definitive disadvantage compared with 
the ODR beam size monitoring. Laser wire needs multiple beam bunches and it needs 
expensive high power laser system. Synchrotron radiation beam size monitoring is very 
similar to the ODR beam size monitoring, but it needs strong magnetic field to generate 
the synchrotron radiation. 
 
Why do we propose the beam test on the ODR beam size monitor at SLAC FFTB?  
 
     Most of the experiments on the use of the ODR for a beam size monitor has been done 
only recently with electron beams up to around 1 GeV at TTF(Tesla), and at ATF(KEK) 
[Ref. 4, 5, 6]. The test of the beam size monitor by using ODR at the SLAC FFTB 
provides a unique condition for a non-invasive beam size monitor with the highest 
available test beam energy of electron and positron beam. The transverse RMS beam size 
of electron and positron beam at a focal point of the SLAC FFTB are 2 -10 µm in 
horizontal and vertical. The FWHM bunch length is 0.7 mm. The intensity of electron 
and positron beam is 1-3 ×1010 particles/pulse. The normalized transverse emittances are 
3 - 5 ×10-5 m-rad in horizontal and 0.3 - 0.6 ×10-5 m-rad in vertical. We expect the beam 
test in the calendar year in 2005 or 2006. 
   With the 28.5 GeV e-/e+ beam at the SLAC FFTB (Final Focus Test Beam), the γ factor 
of 5.8×104 allows us to use much larger aperture size (slit opening) than those with lower 
beam energy, which contributes to reduce the background photons significantly. But, 
because of the same large γ factor, the ratio of the photon intensity at the valley of the 
interference pattern of the ODR to that at the peak of the photon intensity is expected to 
be below the detector sensitivity by using the conventional conductive slit target. Because 
of the small 1/γ , which is the typical opening angle of the ODR photon yield, the beam 
divergence at the focal point of the FFTB can not be neglected. Also without using the 
special lens optics system, the interference pattern of the ODR photons from the 
conductive slit target is deformed significantly due to the pre-wave zone effect, which is 
parameterized by a fraction of the distance between the slit target and a detector 
γ2λ, where λ is the ODR wave length. γ2λ is 1.6 km at the SLAC FFTB. So the detector at 
around 20 m from the target slit is extremely in the near-field zone.  
     We propose to use a dis-phased conductive slit target to recover the sensitivity of the 
transverse beam size. In order to cancel the effect of the beam divergence, the conductve 
slit target surface must be curved. Also, we can obtain the focused interference pattern of 
the ODR photons at the detector at the shorter distance from the target than the γ2λ , by 
using lens optics system.   
     The international collaboration, with researchers at KEK, Tokyo Metropolitan 
University, and at Tomsk Polytechnic University who have done significant R&D on the 
beam size monitoring with the ODR at the KEK ATF (Accelerator Test Facility) in Japan 
with the 1.3 GeV electron beam [Ref. 5, 6], allows us to understand the dependence of 
the beam size measurement with the ODR on the beam energy and on the level of the 
background radiation. The experience of groups of UCLA and SLAC on the use of the 
SLAC FFTB in the recent E150 (plasma lens) Experiment benefits the design, 
preparation and the beam test of the ODR beam size monitor. 



     At KEK ATF, we have started testing the idea of using the dis-phased conductive slit 
target and the lens system in a near field zone as  supporting beam test for this proposal, 
by making changes in the existing ODR beam size monitoring system for the 1.3 GeV 
electron beam. 
 
Description of the project activities 
 
     ODR transverse beam size measurement with the electron beam energy at 28.5 GeV at 
the SLAC FFTB is completely different from that at 1.3 GeV at the KEK ATF or at the 
lower energy electron beam experiment. The advantages and disadvantages (and 
solutions for those) of the ODR beam size measurement at the SLAC FFTB are the 
following: 
 
Advantage 1) Because of the larger γλ, the slit opening can be much larger, which 
                       reduces the beam halo background. 
 
Disadvantage 1) Because of the larger γλ, conventional method of measuring the ratio of  
                           ODR photons in the valley and that in the peak with a simple slit  
                           opening does not work. Because the ratio is too small to measure. 
                          (Solution: This can be solved by using the dis-phased target.) 
 
Disadvantage 2) Because the γ2λ is much larger than the distance of the detector from the  
                           target, so-called near field effect distorts the ODR photon yield as a  
                           function of the opening angle.  
                          (Solution: This can be solved by using an lens optics system which 
                           restores the relation of  the photon emitting angle to the offset at the  
                          detector.) 
 
 Disadvantage 3) Because the 1/γ, the typical peak opening angle of the ODR photon,  is  
                            comparative to the beam divergence at the SLAC FFTB,  the opening  
                            angle distribution of the ODR photons  is distorted/smeared. 
                            (Solution: This can be solved by using the curved slit target surface and  
                             make the ODR emitting angle larger than the beam divergence.) 
 
     These solutions are under the beam test at the KEK ATF by using the existing set-up 
of the ODR transverse beam size measurement experiment. 
  
 
     Figure 1 shows a top view of the experiment area in the SLAC FFTB beam line and a 
schematic diagram of the beam size monitor with the ODR interference pattern 
measurement and a conventional wire scanner for a cross calibration. Because the 
wavelength of the ODR photons, around 0.5 µm, is much shorter than the beam bunch 
length, 0.7 mm, the observed optical diffraction radiation is incoherent. In the initial stage 
of detecting the ODR photons, a movable mirror and a photo multiplier tube behind a 
collimator is planned to be used by using multiple beam bunches to complete a scanning 
of the ODR photon yield as a function of the opening angle. In the later stage of the 
measurement, a CCD camera will be used for a single bunch beam size measurement. 
The CCD camera is trigger-able with 1000×1000 pixels with 14-16 bits resolution in 
each pixel. The size of the CCD is 16 ×16 mm2. 



 

       
 
Figure 1     Top View of the Experiment Area in the SLAC FFTB Beam Line (left) and a Schematic 
                   Diagram(right) 
 
The downstream end of the closest dipole and quadrupole magnets are 20 m and 1 m 
away from the target slit respectively.  The total path length of the ODR photons between 
the target slit and the CCD camera is around 30 m where the CCD camera is located in a 
measurement room located outside of the FFTB tunnel shield wall
      Figure 2 shows a schematic of a conducting slit target where the left part and the right 
part are rotated by the vertical axis by α/2 to opposite direction. [Pub.1] And still the 
average tilting angle to the beam direction is 45 degrees. The target slit is made of 
crystalline wafer/block with 1-2 µm thick Au conductor coating on the top plane. The 
minimum slit aperture is around 0.2 mm.  
 

                                                   
 

                                               
 
       Figure 2    A schematic diagram of a dis-phased target slit to measure the vertical beam size and the 
                        ODR photon yield in the far field zone. 
  
     Figure 3 shows the wire scanner hardware which will house the conductive slit target 
and the wires for the wire scan at the same z location at the SLAC FFTB. A gamma 
calorimeter is placed in the downstream of the vertical bending magnet to obtain the 
transverse beam profile by scanning wires in the beam path. 



         
 
             Figure 3    target and wire  moving system 
  
     Figure 4  shows the example of the dis-phased target which was manufactured at 
Tomsk, Russia for the supporting beam test at the KEK ATF.  
 

       
 
             Figure 4    dis-phased conductive slit target.  
 
     Figure 5 shows the longitudinal polarization component of the backward ODR photon 
yield as a function of the opening angle without pre-wave effect (left) and with pre-wave 
effect (right) with parallel slit edges (α in Figure 2 is set at 0) with a slit gap of 0.2 λγ for 
γ at 60000. The ratio of the peak of the interference pattern to that in the valley in the left 
figure of Figure 3 is 4 104. Due to the pre-wave effect, the interference pattern is 
deformed, which is shown in the right figure of Figure 3 with the detector at 5.6 m from 
the slit target. The parameter, γ2λ,  which decides the range of the pre-wave zone,  is 1.6  

×

km for the SLAC FFTB case. 
 

           
Figure 5    Longitudinal polarization component of the backward ODR photon yield as a function of the 
opening angle without pre-wave effect (left) and with pre-wave effect (right) with parallel slit edges (α = 0 
in Figure 2) with a slit gap of 0.2 λγ for γ at 60000.  
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    Figure 6 shows the longitudinal polarization component of the backward ODR photon 
yield as functions of the opening angle and the transverse beam size with the dis-phasing 
rotation angle α = 0.05, with the beam going through the center of the slit. Figure 7 
shows the Ratio of the minimum yield and the peak yield, ∆, as functions of the 
transverse beam size and the slit rotation angle α. We can obtain the transverse beam size 
information with a slit with the dis-phasing rotation angle α,  where with a parallel slit 
the ratio of the photon intensity at the valley of the interference pattern of the ODR to 
that at the peak of the photon intensity is expected to be below the detector sensitivity, 
and the pre-wave effect causes significant distortion of the ODR interference pattern. 
[Pub. 5, Ref. 7, 8] 
 
 

   
 

Figure 6   Longitudinal polarization component of the backward ODR photon yield as functions of the 
opening angle and the transverse beam size with α = 0.05, with the beam going through the center of the 
slit. 

 
Figure 7    Ratio of the minimum yield to the peak yield, ∆, as functions of the transverse beam size  and 
the slit rotation angle α.  
 
     Figure 8 shows the curved dis-phased slit target which makes the opening angle of the 
ODR photons induced on the conductive target larger than the beam divergence. At the 
SLAC FFTB, beam divergence is comparative to the 1/γ,  the typical opening angle of the 
ODR photons at the peak.  

                
 
Figure 8        a dis-phased conductive slit target with curved surface 
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     Figure 9 shows the lens optics system which can restore the relation of the ODR 
photon opening angle at the target to the offset at the detector, for the curved disphased 
target.  Figure 10 shows the min/max ratio of the ODR photon yield as a function of the 
transverse beam size with this target and the lens optics system. 

    
   Figure 9        Lens Optics system for a dis-phased conductive slit target with curved surface 
 

    
   Figure 10        min/max ODR photon yield ratio as a function of the transverse beam size with the 
                        curved dis-phased target  
 
FY2003 Project Activities  
 
    In FY2003, significant progress has been made in understanding the expected ODR 
photons out of a target slit when 28.5 GeV electron beam bunch pass through the opening. 
The size of the γλ determines the transverse area size of the target slit, and the ratio of the 
photon intensity at the peak of the interference pattern of the ODR and that at the valley 
of the photon intensity.  We made better understanding on the “pre-wave zone” effect on 
the ODR interference pattern, which was determined by the distance size of γ2λ.  [Pub. 5, 
Ref. 7, 8] Most of the theoretical and simulation work has been done by the collaborators 
at the Tomsk Polytechnic University.  
    The experience and skill of the Tomsk Polytechnic University, Russia, and experience 
of the groups of SLAC, KEK, and Tokyo Metropolitan University at the KEK ATF has 
been and will be advantageous in this project.  A contribution paper on this project was 
submitted to the PAC 2003 Conference at Portland, Oregon. [Pub. 3] 
    A part of the approved budget in FY2003 will be carried over to FY2004 on works on 
making the target slit and the alignment system of the target, a vacuum chamber 
modification, recycling a gamma calorimeter, a part of the optics and laser alignment 
system.   
    We studied the recoil effect of the beam bunch due to the beam’s passing through 
conductive slit target and generating/inducing diffraction radiation, and we concluded 
that the recoil effect was negligible and it was too small to measure in the ODR beam 
size monitoring at the SLAC FFTB. [Pub. 4] 
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FY2004 Project Activities 
 
     Two collaboration meeting were held in FY2004. The first meeting was held on 
March 19th at KEK ATF. The agenda was: 
1) Overview plan (15 min)                                                Yasuo   Fukui 
2) Baseline theory and calculation                                     Gennady Naumenko 
   and the ATF proposal (60 min) 
3) Development of the ODR beam size monitor                Pavel V. Karataev 
   at KEK-ATF    (30 min) 
4a) Diffraction radiation of 30-GeV                                  Alexander P. Potylitsin 
   electrons in the VUV and soft X-ray region. (15 min) 
4b) Diffraction radiation interferometry                            Alexander P. Potylitsin 
   and bunch length determination. (15 min) 
5) Discussion on the Letter of Intent (30 min)                   All 
     Talk files are posted at: 
http://www.physics.ucla.edu/hep/ODR_FFTB/Meeting/March19_KEK/talk_files/ . Basic 
experiment plans have been developed and the ODR photon yield was calculated. 
    The second meeting was held on August 10th at SLAC. The agenda was: 
1) Overview of the FFTB beam test proposal of the ODR beam size monitor 
   30 min                                                                             Yasuo Fukui 
2) Review of the ODR beam size monitor experiment at KEK ATF 
    60 min                                                                             Toshiya Muto 
3) Beam size measurement and the ODR photon yield at FFTB 
     90  min                                                                           Gennady Naumenko 
4) Comments on the Beam size measurement at FFTB 
    30 min                                                                              Alexander Potylitsin  
5) Discussion on the Experiment plan 
    60 min.                                                                              All 
Talk files are posted at:  
http://www.physics.ucla.edu/hep/ODR_FFTB/Meeting/Aug10_SLAC/ .  Step by step 
plans were discussed in this collaboration meeting, in order to solve problems due to 
large γλ (sensitivity/measurability issue of the beam size),  due to γ2λ (near field 
effect), and due to small 1/γ (beam divergence issue).  
 
     Manufacturing test samples of the dis-phased flat conductive target has been done at 
Tomsk, Russia. The collaboration has contacted the test beam project committee of the 
SLAC FFTB, and started the negotiation for the beam time in FY2005 and later. 
        Because there exists an ODR beam size measurement set-up and the beam time is 
available at the KEK ATF, supporting R&D experiments have been initiated at the KEK 
ATF to demonstrate the effectiveness of planned solutions for the ODR transverse beam 
size measurement, by using only non-US funding. The experimental set-up at the KEK 
ATF is shown in Figure 11.  Figure 12 shows the preliminary ODR photon yield as a 
function of the beam offset position at the KEK ATF. 
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   Figure 11   Beam test set-up at the KEK ATF 
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   Figure 12  Preliminary ODR yield as a function of the beam position 
 
 
FY2005 - 2007 Project Activities and Deliverables 
 
FY2005    Prepare all the the beam test set-up at the SLAC FFTB. The FFTB is available 
for the beam test in the calendar year 2005, and it is planned to be modified in the 
calendar year 2006 or later. There has been  two major test projects, SPPS (Short Pulse 
Photon Source) and E164 (Plasma Wakefield Acceleration), which use the beam time 
alternatively, and getting available beam time is not easy in the calendar year 2005. 
    A project design report will be published. We will build elements of the beam size 
monitor, the vacuum chamber, wire and target holder, and the target slit and its laser 
alignment system. We will purchase a CCD camera and its control system, which are the 
major part of the detection system. We will install the mirrors in the ODR photon path, a 
part of the alignment system of the optics path, and a recycled gamma calorimeter in the 
downstream of the vertical bending magnet. This work will be done in the beam down 
time. Skill of Paul Bolton (SLAC) on the laser optics, and the experience of David Cline, 
Marc Ross, and Yasuo Fukui on using the SLAC FFTB beam line in previous 
experiments will benefit the project.  
    We will install a CCD camera, the vacuum chamber with a target slit, a conventional 
wire scanner in the beam line to have an initial test run of the beam test whenever a beam 
time is assigned to this project. After the first beam run, we will analyze the first set of 
data and make necessary improvements in the beam size monitor and in suppressing the 
background.  Although we plan to start the beam size measurement with a phototube and 
a collimator, we need to use a CCD camera to make a single bunch beam size monitoring. 
cThe progress in the ODR beam size monitoring project at SLAC FFTB will be reported 
in the PAC 2005. 
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    We plan to continue executing the supporting beam test experiments at the KEK 
ATF to demonstrate the solutions to the problems in measuring the transverse beam size 
at the SLAC FFTB in the following three steps.  

1) test the flat dis-phased conductive slit target. 
2) test the lens optics system in the near field zone. 
3) test the curved dis-phased conductive slit target with the lens optics system.  

 The beam test results will be reported in the PAC 2005. 
 
FY2006   FY2007  Depending on the progress of the LCLS(Linac Coherent Light 
Source) project and the decision making/funding on plans at SLAC, FFTB beam line may 
be converted into an injection line to the LCLS facility in the calendar year 2006. We 
plan to complete the beam time at the SLAC FFTB in FY2005 and FY2006. We will do 
the follow-up work of the experiment, based on the preliminary results on the ODR beam 
size monitor whenever the beam time is available. If any beam time is available in 
FY2007, depending on the scheduling of the SLAC program planning, we plan to keep 
executing the R&D project on the ODR transverse beam size monitoring at the SLAC 
FFTB. Within 6 – 9 months after the major test beam run, we will complete the analysis 
of the beam data and the comparison with the simulation. We then publish results in 
major journals. This project can be thesis topics for graduate students. The FTE level of 
the UCLA collaborators is expected to increase in the period of FY2005-2007. 
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Budget 
 

Institut
ion 

Item FY2003 FY2004 
  

FY2005 
 

FY2006 FY2007  FY Total 

UCLA Salaries and 
Wages 

$  16,000 $  21,200 $  21,000 $  22,000 $  25,000 $ 115,200 

 Vacuum chamber  
modification 

$    5,000 $           0 $           0 $          0  $     5,000 

 Slit Target $    3,000 $    5,000 $    5,000 $   5,000 $    5,000 $   23,000 
 CCD Camera 

System/Filter 
$           0 $           0 $  20,000 $   4,000 $    2,000 $   26 ,000 

 Phototubes/γ 
calori. 

$    2,000 $    1,000 $    1,000 $           0 $           0 $     4,000 

 Optics/Calib. 
System 

$    7,000 $    1,000 $    2,000 $    2,000 $   2,000 $   14,000 

 DAQ system  $           0 $    1,000   $    6,000 $   5,000 $   12,000 
 Computing tools   $    1,000 $    4,000 $   4,000 $     9,000 
 Indirect costs $    4,000 $    5,500 $  10,000 $    9,000 $   9,000 $   37,500 
UCLA  Sub-Total $  37,000 $  33,700 $  61,000 $  54,000 $ 52,000 $ 237,700 

SLAC Experi. set-up  
Data 
taking/analysis  
SLAC  

$          0 $          0 $   1,000 $   2,000 $    2,000 $     5,000 

KEK Experi. set-up  
Data 
taking/analysis  
KEK   

$          0 $          0 $   1,000 $   6,000 $   6,000 $   13,000 

Tokyo 
Met. 
Univ. 

Experi. set-up  
Data 
taking/analysis 
Tokyo M. U. 

$          0 $          0 $   1,000 $   2,000 $  2,000 $     5,000 

Tomsk  
Poly.  
Univ. 

Experi. set-up  
Data 
taking/analysis 
Tomsk Pol. U.  

$   3,000 $   6,300 $   6,000 $    6,000 $   8,000 $   29,300 

Total Other Inst. Support by 
UCLA 

$   3,000 $   6,300 $  9,000 $ 16,000 $  18,000 $  52,300 

UCLA Grand Total $ 40,000 $ 40,000 $ 70,000 $ 70,000 $  70,000 $ 290,000 

 
Publications 
 
1. G. Naumenko, “Noninvasive Measurement of Micron Electron Beam Size of High- 
     Energy using Diffraction Radiation”, hep-ex/0305004, 2003. 
2. G. Naumenko, “Synchrotron radiation contribution to optical diffraction radiation  
     measurements.”,  Nucl. Inst. and Meth. B 201(2003) 184-190. 
3. Y. Fukui, et al., “Design of an Optical Diffraction Radiation Beam Size Monitor at 
    SLAC FFTB”,  a contr. paper to the PAC2003 Conference, 2003, Portland, Oregon. 
4. Potylitsyn, et al., “Coherent Radiation Recoil Effect for the Optical Diffraction 
   Radiation Beam Size Monitor at SLAC FFTB”,   
     Nucl. Inst. and Meth., B227(2005)170-174 
5.  G. Naumenko, “Some features of diffraction and transition radiation at the distance  
     less than γ2λ.”, Nucl. Inst. and Meth., B227(2005)87-94 



 12
 
 
 
References 
 
1. Y. Dnestrovskii, et al., “Radiation from Charged Particles Passing Near a Perfect  
     Conductor”,  Sov., Phys., Dokl. 4(1959)132. 
2. A. P. Kazantsev, et al., “Radiation of a Charged Particle Passing Close to a Metal 
    Screen”,  Sov., Phys., Dokl. 7(1963)990. 
3. A.P. Potylitsyn, “transition radiation and diffraction radiation. Similarities and 
    differences.”,  Nucl. Inst. and Meth. B 145(1998) 169-179. 
4. M. Castellano, “A new non-intercepting beam size diagnostics using diffraction  
    radiation from a slit.”,   Nucl. Inst. And Meth. A 394(1997)275-280. 
5. T. Muto, et al., “Observation of Incoherent Diffraction Radiation from a Single-Edge 
     Target in the Visible-Light Region”,  Phys. Rev. Lett. 90, 104801 (2003). 
6.  P. Karataev, et at., “Observation of optical diffraction radiation from a slit target at   
     KEK accelerator test facility.”, Nucl. Inst. and Meth. B 227(2005) 158-169. 
7. S.N. Dobrovolsky, N.F. Shul'ga., “Transition and Diffraction Radiation by Relativistic 
   Electrons in a Pre-Wave Zone.'',  Proceedings of EPAC 2002, Paris, France. 
8. M. Castellano et al., “Search for the pre-wave zone effect in transition radiation.'' 
      Phys. Rev. E 67, 015501(2003). 
 


	Project name     Beam Test Proposal of an Optical Diffraction Radiation Beam Size
	Monitor at the SLAC FFTB
	Institutions and Personnel
	Contact Person
	Project Overview
	FY2003 Project Activities


	FY2004 Project Activities
	Budget

