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Abstract 

The bunch longitudinal profile measurements using an 
optical dissector are introduced in the paper. The principles 
of the dissector operation are briefly discussed. The first 
measurements using the optical dissector at the Metrology 
Light Source are presented. Results are analyzed and com-
pared with the bunch profiles from the streak camera meas-
urements. Measurement errors and limitations of the both 
methods are estimated. Possible applications for the pre-
sented technique are discussed.

INTRODUCTION
Practically all present synchrotron radiation sources and 

electron-positron colliders use streak cameras as an im-
portant diagnostic tool, which may provide high spatial 
resolution (up to tens of micrometers) as well as ultimate 
temporal resolution up to hundreds of femtoseconds [1, 2]. 
In the seventies of the last century, the LI-602 dissector 
[3, 4] was developed at BINP to measure the longitudinal 
beam profile at circular accelerators. This electron-optical 
device is based on a stroboscopic approach and is designed 
for measurement of periodic light pulses of sub-nanosec-
ond and picosecond duration. This dissector is used now 
for permanent control of the bunch length at the VEPP-
2000, VEPP-4M electron-positron colliders and SIBERIA-
2 synchrotron light source [5, 6]. However, the LI-602 dis-
sector provides a limited temporal resolution of 20 ps, 
which is at least one order of magnitude higher than re-
quired for modern accelerator diagnostics. Later a new 
generation of picosecond dissectors was developed based 
on the PIF-01/S1 picosecond streak-image tube [7, 8] de-
signed and manufactured at the GPI Photoelectronics De-
partment [9, 10]. The experimentally determined temporal 
resolution of such dissector approaches 3.5 ps [11]. This 
value was obtained illuminating the tube-input photocath-
ode with femtosecond laser pulses at 800 nm wavelength 
[12]. In this paper, we describe the test of this new dissector 
under real experimental conditions at the Metrology Light 
Source (MLS) [13]. A comparison between the dissector 
and a Hamamatsu streak camera C10910 [14] was under-
taken.

DISSECTOR
The dissector is a device similar to the streak camera. 

The main difference is in the detector part. The basic sche-
matic layout of the dissector is shown in Fig. 1 and a photo

of the dissector vacuum tube is shown in Fig. 2.  

Figure 1: Dissector basic layout. 

Figure 2: Dissector vacuum tube. 

The synchrotron light pulse is focused on the photocathode 

and produces photoelectrons. These electrons are acceler-

ated, focused and deflected transversely in a linear depend-

ence of their longitudinal position. As a result, the vertical 

profile of the electron image at the slit plane will give di-

rectly the initial synchrotron light temporal profile, like in 

a streak camera. In the dissector a narrow slit cuts a small 

fraction of the electron image and this fraction of electrons 

is amplified in the electron multiplier tube. The amplified 

signal is measured by an oscilloscope or an ADC module. 

Introducing a slow linear sweep voltage to the deflecting 

plates allows to scan the full electron image through the 

slit. The vertical profile is then measured as a function of 

time on the oscilloscope trace. 

With a permanent light source like a flashlight the dis-

sector can be calibrated: a typical signal from the dissector 

output will have the following appearance, Fig. 3.  

Figure 3: Dissector calibration. Signal from the dissector 

output for the permanent light source as an input. 
 ___________________________________________  
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The two peaks corresponds to the time points when the 

photo electrons have maximum deflection due to the RF 

sweep – so the distance between two the peaks is the half

period of the dissector RF frequency. For the MLS case, 

the dissector is operated at the 93.8 MHz – the fifteenth

harmonic of the MLS revolution frequency, which is about 

6.25 MHz (MLS RF frequency is 500 MHz). The meas-

ured distance between the peaks (Fig. 3) is 8.2 ms (mostly 

defined by the speed of the slow linear sweep voltage and 

RF sweep amplitude) and corresponds to the time distance 

for the photo electrons of about 5.3 ns (a half of a period of 

the dissector RF sweep). 

Switching off the RF sweep and running only the linear 

sweep voltage, the point spread function of the dissector 

can be measured, Fig. 4 (dissector response to the light 

pulse with “zero” duration).

Figure 4: Point spread function of the dissector: dissector 

signal (the blue dots) and Gaussian fit (the red curve). The 

time axis is already scaled according to the calibration. 

The FWHM from the Gaussian fit gives 13.4 ps. In other 

words, a bunch with “zero” bunch length will be measured

by the dissector with a length of 5.2 ps. This number 

mainly depends on how well the alignment of the light path 

is performed and how small the light spot is at the dissector 

input. It also depends on how small the slit in front of the 

electron multiplier tube is and how well the electron optics 

is done, Fig. 1. For the used dissector vacuum tube, the slit 

width was about 50 µm.

MEASUREMENT RESULTS
Examples of the bunch profiles measured by dissector 

and streak camera are shown in Fig. 5 and Fig. 6 for 1.3 
and 0.13 mA bunch current respectively. For the long 
bunch, about 24 ps FWHM, the bunch length measured by 
the both devices are similar, but the shape is different. Dis-
sector cannot reproduce the fast change in the bunch cur-
rent in comparison with the streak camera – point spread 
function of the dissector is bigger: 13.4 ps versus 2.6 ps for 
the streak camera. Also one can see not Gaussian profile of 
the bunch for the high charge.

For the short bunch, about 13 ps FWHM, dissector gives 
longer profile, which is about 18 ps. Subtracting the point 
spread function of the dissector one can get the bunch 
length close to the one obtained by the streak camera.

Figure 5: The bunch current profiles from the dissector and 

streak camera for 1.3 mA bunch current. Low alpha optics 

at MLS. 

Figure 6: The bunch current profiles from the dissector and 

streak camera for 0.13 mA bunch current. Low alpha optics 

at MLS. 

The result of the bunch length measurements as a func-
tion of the bunch current using dissector is shown in Fig. 7.

Figure 7: Measured bunch lengths as a function of single 

bunch current. Low alpha optics at MLS. 

The measurements of the bunch length as a function of 

the RF cavity voltage are shown in Fig. 8 and Fig. 9 for 

standard user and low alpha optics settings of the MLS re-

spectively. Measurements were performed by the dissector 

and the streak camera simultaneously: the synchrotron 

light was shared between the both devices by the edge of a 

mirror. The bunch length from the dissector was obtained 

as the FWHM of the scope signal, and the bunch length 

from the streak camera was obtained as the FWHM of the 
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fitted Gaussian to the image profile. Point spread function 

of both devices is subtracted. 

Figure 8: Bunch length at FWHM as a function of the RF 

cavity voltage measured with the dissector (the blue dots 

with error bars) and with the streak camera (the red dots 

with error bars) for the standard user optics at MLS and 0.9 

mA bunch current.  

Figure 9: Bunch length at FWHM as a function of the RF 

cavity voltage measured with the dissector (the blue dots 

with error bars) and with the streak camera (the red dots 

with error bars) for the low alpha optics at MLS and 

0.3 mA bunch current.  

Error bars in figures represent the statistical errors: each 

voltage point corresponds to about forty measurements of 

the bunch length. 

The dissector gives slightly larger values of the bunch 

lengths in comparison with the streak camera. Main reason 

is the error in the FWHM calculation: due to the noise of 

the dissector signal the scope calculates higher value of the 

FWHM than one can get from the Gaussian fit. 

Another error comes from the calibration and can be es-

timated to be around 2%, Fig. 4. An additional error 

source is coming from the point spread functions of the 

devices. For the streak camera it was measured to be 

around 2.6 ps FWHM and for the dissector in the current 

set of measure-ments it was around 12.5 ps. Both values 

can be improved by a more careful alignment and fine 

tuning of the both systems. The best achieved value for 

the dissector was about 5 ps. 

CONCLUSION
The bunch length diagnostic based on the optical dissec-

tor was successfully commissioned at the Metrology Light 
Source. The measured bunch profiles and the bunch 

lengths obtained by the dissector and the streak camera are 
in good agreement for the range from 70 ps down to 15 ps. 
Slight overestimation in the dissector data can be explained 
by the error of FWHM determination of the used scope: 
noise in the dissector signal yields a bigger value of the 
calculated FWHM than if one will get it from the smooth 
curve fit. 

Next steps will be to perform a comparison of the de-
vices for even shorter bunches down to 1 ps. 

One of the possible application of the dissector can be 
bunch length measurement in the BESSY II booster where 
other diagnostics are not available up to now [15]. The dis-
sector is simple and radiation hard device in contrast to the 
streak camera. In result is can be used for the permanent 
bunch length monitoring at the running facility.
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