
LINEAR FOCAL CHERENKOV-RING CAMERA FOR SINGLE SHOT 
OBSERVATION OF LONGITUDINAL PHASE SPACE DISTRIBUTION FOR 

NON-RELATIVISTIC ELECTRON BEAM * 
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proportional to the particle velocity  (= v/c) 
as 

#�� �
)

� ,  (1) 

  is the refractive index of the Cherenkov 
radiator medium at a radiation frequency. 
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The -  mirror is 
expressed by a following formula 
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The origin of the coordinate is the center of the radiator 
medium. The parabolic curve can resolve Cherenkov ray 
with the different Cherenkov angles. Role of the spherical 
curve is to confine the Cherenkov light on the s-axis, in 
other words focus it in the x-direction. The parameter A 
of the - mirror is crucially important for the 
energy resolution at the LFC camera [8], meanwhile the 
parameter A makes little impact on the time resolution. 
The parameter A is a magnification factor of the energy 
resolution, nothing but that the energy resolution can be 
optimized when optimum and larger A is selected. On the 
other hand, the small A leads an advantage in fabrication, 
Physical size of the - mirror limits the tolerance 
of machining error. 

Momentum and time resolutions of the LFC camera for 
measuring longitudinal phase space at the exit of the rf-
gun are required to be less than 1 keV/c and 1 ps, 
respectively. As a result, the parameter A of 350 mm was 
chosen, in which the momentum in a range from 2.294 to 
2.412 MeV/c can be observed with sufficient resolution 
by the streak camera having a photon entrance slit of 3 
mm width.  

A prototype turtle-back mirror was fabricated for proof-
of principle experiment. Since distortion caused during 
machining on the fabricated mirror surface may critically 
affect the resolution, an aluminium block cut to the eight 
pieces and assembled together with a special jig was 
lathed along its central axes to shape the parabolic  curve. 
The mirror surface was polished and coated by vacuum 
aluminium evaporation 

To evaluate the momentum and time resolutions caused 
by the surface roughness of the turtle-back mirror, 
roughness parameters such as the amplitude of the 
roughness and the correlation length are required. We 
measured the surface profile of the turtle-back mirror 

using a contact type surface profilometer (Talysurf PGI 
1250A).  

The surface of a high quality commercial plain mirror 
was also measured to compare with the turtle-back mirror. 
Figure 2 shows measurement results of surface 
profilometer. The roughness of the turtle-back mirror was 
deduced by Fourier transform. Roughness analysis result 
indicates a root-mean-square amplitude of the roughness 
per correlation length is 0.00032. Using a ray trace 
calculation it was found out that the momentum 
resolution is degraded from 1.05 keV/c to 7 keV/c. On the 
other hand, the commercial plane mirror roughness was 
measured to be as low as 0.000016. Consequently, it is 
concluded the surface of the turtle-back mirror is not well 
manufactured and must be improved for sufficient 
momentum and time resolution.  

In order to confirm the parameter A of the turtle-back 
mirror, we have measured the parameter A as follows. 
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We have used a ring-like diverging laser light instead 
of the Cherenkov light as shown in Fig. 3. It makes 
possible to generate the particular opening angle 
(represented by the Cherenkov angle c) by changing the 
position of the ring slit on the translation stage. The CCD 
camera is placed on the focal line above the turtle-back 
mirror to acquire the focal position and the focal profile 
for respective opening angles. Measurement were 
performed for a wide range of the opening angle, and the 
derived parameter A was 349.50±0.13 mm, while target 
value is 350 mm. Although the roughness of the prototype 
mirror surface is quite insufficient, overall shape of the 
mirror is well manufactured. Surface polishing by a 
precision machinery technique will be performed. 

 

The LFC-camera employs the Cherenkov radiator 
placed in vacuum to avoid the electron scattering in 
vacuum windows. The radiator medium is required to 
have high transparency as well as low refractive index 
around 1.05, so that we have chosen the hydrophobic 
silica aerogel with extremely low density [10]. 

Since the LFC camera employs the silica aerogel in 
vacuum as Cherenkov radiator, if the refractive index of 
silica aerogel in vacuum is different from an atmospheric 
one, there should be some ambiguity in measured electron 
momentum. It was reported that refractive index of 
aerogel in vacuum is changed by approximately 2% 
compared with atmospheric one [9].  

The focal position of the turtle-back mirror is expressed 
as 

n
nAs f

1
11 ,� �    (3) 

sf( ) -

turtle-back mirror
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Number of method for measurement of the refractive 
index, such as a minimum deviation angle method, a 
critical angle method and a v-block method, have been 
developed for many years. However, these methods are 
not much suitable for measurement of the thin silica 
aerogel. Therefore, we performed measurement of the 
thin silica aerogel refractive index by detecting an optical 
path difference using a Mach-Zehnder interferometer [11]. 
The optical path difference d at the rotation angle  is 
expressed as 

 
1cos ntntd ir

,          (4) 

 
where i is an incident angle, r is a reflecting angle. The 
refractive index n at the optical path difference d can be 
derived as 
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Measurement Result 
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The measured parameter A was 
indicated 349.50±0.13 mm, which is in good agreement 
with a designed value of 350 mm. According to the�
measurement with Mach-Zehnder interferometer, the 
refractive index of aerogel in vacuum diminishes by 
0.36% from one in the atmospheric pressure, which may 
shift 
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