
detected together with the scintillation beam image. Thus, 
C-OTR is sufficiently removed by this method.

Emittance Measurement
In order to generate intense XFEL radiation, the beam 

emittance should be as low as possible. Therefore, we 
measured the beam emittance at each stage of bunch 
compression. The emittance is measured by the
quadrupole scan method [14]. We scanned the current 
value of the quadrupole magnet just upstream of a screen 
monitor and took the transverse beam size by using the 
screen monitor. The square of the beam size satisfies the 
following formula:

௫ଶߪ ൌ ܭொ݈ܮ൫ߝߚ ൅ ߚȀܮߙ െ ͳ൯ଶ ൅ ,ߚଶȀܮߝ
where ߪ௫ is the rms beam size measured by the screen 
monitor, ߙ and ߚ are the Twiss parameters, ߝ is the 
emittance, ܮ is the distance between the quadrupole 
magnet and the screen monitor, ݈ொ and ܭ is the effective 
length and the K value of the quadrupole magnet, 
respectively. This formula is fitted to the data and the 
emittance and Twiss parameters are obtained.

One of the results is shown in Fig. 15. This data was
taken after the bunch compression by BC3, and the screen 
monitor at about 15 m downstream from the exit of BC3. 
In this screen monitor, the YAG:Ce screen with the C-
OTR mask was used. The data points were appropriately 
fitted by the analytical formula. The normalized emittance 
of this beam was 1.09 mm mrad, which was sufficient for 
XFEL. In this data, the minimum beam size was 30 ȝm 
rms and the profile of such a tiny beam can be 
appropriately obtained by the screen monitor with the 
YAG:Ce screen and C-OTR mask.

Comparison between Beam Positions Measured 
with RF-BPM and Screen Monitor

In order to confirm the validity of the measurements of
the RF-BPM and the SCM, we compared the beam 
positions from the two monitors. We used a screen 
monitor in the undulator section and this screen monitor 
has the YAG:Ce screen with the C-OTR mask. The beam 
position from the SCM is calculated from the center of 
mass of the beam profile image and compared with the 
beam position data from the RF-BPM adjacent to the 
SCM. In order to change the beam profile, we scanned the 
beam energy from 3.8 GeV to 7.4 GeV, while the field 
strength of the quadrupole magnet was kept constant. 
Figure 16 shows the comparison between the RF-BPM 
and SCM position data. Even though the beam profile 
was changed, the beam positions measured with both the 
SCM and RF-BPM were consistent each other within the 
error of less than 10 Pm (rms). Thus, the RF-BPM and the 
SCM with C-OTR mask are working well as expected.

TEMPORAL PROFILE MONITOR
A temporal beam profile is monitored with several 

methods depending on the bunch length. A fast 
differential current transformer (DCT) and a coherent 
transition radiation (CTR) monitor are used for the 

Figure 15: Emittance measurement result. The strength of 
the quadrupole magnet was scanned and the square of the 
beam size was plotted. This graph was fitted by the
parabolic function and the emittance was calculated.

Figure 14: Beam profile image observed by the beam 
profile monitor with the YAG:Ce screen and perforated 
mirror.

Figure 13: Setup of the profile monitor to mitigate C-OTR
effect with the perforated mirror.

Figure 16: Correlation between the beam positions 
measured by an RF-BPM and a screen monitor. Even 
though beam energy was changed in order to vary the 
beam shape, the beam position was consistent each other.
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