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Abstract

Commissioning of the ATF/ATF2 project started in win-
ter of 2008 to 2009, with the aim of studying beam op-
tics, diagnostic instrumentations, and tuning processes for
around 37 nm beam size. The project is the realistic scaled
down model of the ILC final focus system, and also, studies
in the project offered important findings for future acceler-
ator physics. In this paper, we will present the status of the
first commissioning of the Shintake monitor for ATF2. The
monitor is located at the virtual interaction point (the focal
point) of the ATF2 to measure beam size. A measurable
ranges in design are from 6 micron down to 20 nm in ver-
tical and down to several microns in horizontal. This wide
range allows us to use this monitor from the beginning of
the beam tuning process. The monitor scheme was orig-
inally proposed by T. Shintake and verified using around
60 nm beam at FFTB project[1]. We upgraded the detector
system for ATF2 of smaller beam size and implemented a
laser wire scheme for horizontal beam size measurement.

INTRODUCTION

To explore TeV-scale physics with high precision, the
International Linear Collider (ILC), which collide sev-
eral hundreds GeV energy electron and positron beams,
is proposed[2]. The vertical beam sizes of electron and
positron beams need to be focused in nanometer scale to
achieve high luminosity at ILC.

The Accelerator Test Facility (ATF) was constructed at
KEK in Japan to realize such a small beam size. The per-
formance of a damping ring for linear collider is studied
here and beam operation has been continued to 2008 sum-
mer. It achieved the vertical normalized emittance (γεy)
less than 2.8 × 10−8 rad·m at beam energy 1.3 GeV[3].
This is the lowest normalized emittance of electron beam
ever measured and satisfies the ILC requirement.

ATF2 is an extension of ATF to complete the test of
the ILC beam delivery system including the final focusing
system[4]. By utilizing very low emittance beam provided
from ATF damping ring, ATF2 aims to focus the vertical
beam size to 37 nm at the virtual interaction point. The
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Figure 1: Schematic of the Shintake Monitor[5]

construction of ATF2 was almost finished and its beam op-
eration started at the end of 2008.

Shintake Monitor

To measure 37 nm vertical beam size to be realized at
ATF2, we constructed the beam size monitor called the
Shintake monitor. It was proposed by T. Shintake[5] and
used at the Final Focus Test Beam (FFTB) experiment at
SLAC[1]. There 70 nm vertical beam size was measured.

Figure 1 shows the schematic of the Shintake Monitor.
The split laser beam is crossed at the interaction point with
the electron beam. Then electron beam passes through the
interference fringe and the inverse Compton scattering oc-
curs. If the electron beam size is small relative to the fringe
pitch, the number of scattered photon at the peak of the
fringe and the valley of the fringe differ significantly. On
the other hand, if the beam size is comparable to the fringe
pitch, the electron beam interact with the portion of the
peak and valley at the same time. Then the number of scat-
tered photons does not change so much when the fringe
position moves against the electron beam. By using this
difference, the electron beam size is measured.

PERFORMANCE ESTIMATION

Upgrade from FFTB

The Shintake monitor at ATF2 is an upgrade from the
one used at FFTB. The major modification is the wave-
length of the laser. At FFTB, 1064 nm of Nd:YAG laser
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Figure 2: Expected resolution curves of beam size mea-
surement in different crossing angles

Figure 3: The Shintake monitor optics design

was used. At ATF2 the second harmonics of Nd:YAG laser,
532 nm, is used to measure smaller beam size.

The other improvement is the implementation of many
laser crossing angle modes. The measurable range of the
Shintake monitor is not so wide if we use fixed fringe pitch.
However by changing the laser crossing angle and so the
fringe pitch, measurable range can be altered. The former
Shintake monitor used two crossing angles, 174◦ and 30◦.
They can measure the vertical beam size form 40 nm to 750
nm with the reasonable resolution. We add two crossing
angle modes 8◦ and 2◦. With these crossing angle modes
we expect to measure the vertical beam size from 25 nm to
6 μm within 12 % resolution. Figure 2 is the expected res-
olution curves calculated from the electron beam and laser
jitters.

Furthermore, to achieve high stability of the interference
fringe, other monitoring devices are introduced to the laser
optics[6] [7].

Figure 3 shows the optics design of the Shintake monitor
for ATF2. The left figure is one of the vertical measurement
modes (the interferometer mode), crossing angle of 8 ◦. The
right one shows the optics for the horizontal beam size
measurement. In horizontal we use different measurement
method called laserwire, which scans the electron beam by
very thin focused laser beam. Since the horizontal beam
size at the interaction point at ATF2 is relatively large (2.8
μm in design) beam size can be measured with this method.

COMMISSIONING

Our commissioning started from the detection of in-
verse Compton scattered photons comes from the interac-
tion point. We used the horizontal measurement mode op-
tics (right of Fig. 3). Difficulty to detect Compton scattered
photons at ATF2 is low S/N ratio. The average energy of
Compton scattered photons is 15 MeV with 532 nm light
and 1.3 GeV electron. During the measurement the back-
ground photons, which is thought to be the bremsstrahlung
photons originating from the beam pipe hit by electron
beam halo, also detected at the gamma-ray detector. This
background photons have relatively high energy because of
high electron beam energy. To detect the signal photons in
such a high background codition, we designed the layered
CsI(Tl) scintillation detector[8]. By using the difference of
the energy deposit ratio in each layer, that is the shower de-
velopment in the detector, the amount of signal photons can
be obtained by fitting even if large amount of background
photons exist.

To detect the Compton signal, the following procedure
was used.

1. reduce the background photons by tuning the electron
beam orbit

2. direct the beam angle at the gamma-ray detector posi-
tion

3. adjust the timing of the pulsed laser and the electron
beam pulse

4. check the laser beam and the electron beam position
on the screen monitor

1st. Beam Orbit Tuning

Although our gamma-ray detector has high separation
capacity, there is a limit. If the background level is much
higher than Compton signal, we cannot measure anything.
To reduce the background, the electron beam must be cen-
tered to the beam pipe to avoid the beam halo incident on
the wall. This was performed by using steering magnets
and turned the beam to the center of the magnets through
the whole ATF2 beam line.

2nd. Beam Direction Tuning

Even if the Compton scattering occurs, scattered pho-
tons will not be detected as long as the beam directs at the
different point from the gamma-ray detector. To direct the
beam there, beam positions at the interaction point and 80
cm downstream are monitored by beam profile monitors.
By moving the quadrupole focusing magnet, the beam or-
bit can be changed and this change can be seen on them.

After the tuning, coming of the gamma ray can be
checked by taking a Polaroid photograph in front of the
detector.
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Figure 4: Timing signal on a oscilloscope. Ch1 is the BPM
signal and Ch2 is the Si:PIN photo diode signal

Figure 5: The images on the beam profile monitor

3rd. Timing Adjustment

To collide the electron beam and the laser beam, their
emission must be synchronized and adjusted to the appro-
priate timing. For synchronization the master trigger of the
kicker pulse to extract the electron beam from the damp-
ing ring is used to the laser Q-switch trigger. To adjust the
timing, the electron beam timing is monitored by using a
stripline beam position monitor (BPM) signal and the laser
timing is monitored by using a Si:PIN photo diode like Fig.
4.

4th. Position Adjustment

Although the scanning can be started up to here, it is
difficult to find the signal in wide range. Therefore we in-
stalled a beam profile monitor which utilize a fluorescent
plate to see the electron beam position. A laser light im-
age can be also seen by diffuse reflection on the plate. By
superimposing the electron beam and the laser beam on
the screen, it is assured they collide at the interaction point
within several tens of microns accuracy . Figure 5 shows
the images on the screen.

Scanning

After these procedures, we performed the scanning.
Figure 6 shows the result of scanning using the layer
distribution information. Fitted convoluted beam size

Figure 6: The result of horizontal beam scanning

(
√

σ2
ex + σ2

Lx, where σex is the horizontal electron beam
size and σLx is the horizontal laser beam size) was 13 μm.
Since the horizontal laser beam size at the interaction point
was assumed to be around 10 μm, this measurement in-
dicates the horizontal electron beam size is calculated to
around 10 μm. This value was consistent with the expected
electron beam size at that time.

CONCLUSION

We had developed the Shintake monitor for ATF2. The
commissioning of the Shintake monitor has started from
the end of last year with horizontal beam size measurement
mode. We utilized various devices to detect Compton scat-
tered photons from the collision of the electron beam and
the laser light and succeeded it. We will move on to the
interferometer optics and plan to measure the modulation
of the scattered photons from the next beam time.
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