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Preliminary review results for ATF ( memo ) 
!
(1)The two Goals are appropriate, however it is 
unclear what have been achieved during yearly 
operations.  Milestones should be clearly 
specified and regularly monitored. 

(2) The IPBSM laser system is observed to be very 
unstable, e.g. fringe scans.  Dedicated person(s) 
must be needed in order to understand the 
performance in details and to operate it stably. 

(3) Many young researchers have been trained at 
ATF.  It is a very important role of ATF. So, this 
educational responsibility should be maintained in 
addition to individual R&Ds. 

 Experimental validation of a novel compact focusing 
scheme for future energy-frontier linear lepton colliders 
    by G. R. White, R. Ainsworth, T. Akagi, et al. 
Phys. Rev. Lett. 112, 034802,  published 24 January 2014



Goals at this meeting

T. Tauchi, 17th ATF2 Project Meeting, KEK, 2/12-14, 20134

First goal of achievement of 37nm vertical beam size, we 
would like to focus on two major issues of the wakefield and 
vertical emittance growth keeping in mind that there are other 
issues such as multipole fields in the quadrupole magnets, 
electron/laser beam jitters  etc. .   
  The primary goals are identification of sources for the 
wakefieds and emittance growth and establishment of the 
mitigations. (1/23-25, 2013) 
!
Setup of milestones such as ; 
     37nm@low intensity, wakefield-free,  37nm@high intensity

Second goal of nanometer stabilization at IP : 
 Setup of milestones such as ;  
     nm-resolution, jitter measurements and IP feedback



Wakefteld 

Beam intensity 0.1 to 1 X 1010 
~ií;E1114íJ1[it1jlíI411.];*hlj;1 

Emittance growth at EXT 

Wakefield free steering IVacuum pressure <10・7 Pa 

-algorithm for ATF2 beam line 1 ー scrubbing with 50 to 

-beam study 1100mA 

Alignment of CBPMs at large beta 

function regions く100um

CBPMs to stripline BPMs at large beta 

function regions 

Reduction of steps in the beampipes 

3D emittance measurements 

by new DR-LW 

-the cavity (done) 

-laser system (this weekend) 

-commlsslonmg 

Beam position at M B2X 

Exchange of SD4FF due to I(MB1 X) 

short circuit in one of 6 coils I -calibration ( 
(do∞one問e) I r附ec∞onst川ted or巾b比
-large skew sextupoles 

ー large intensity dependence IAlignment of KEX 1, BH3X 

-measurement of beam size 

of < 70nm 

-estimation by simulation 

with V offset, tilt (2 weeks) 
-new sextupole magnets I -re-alignment of them 

円

Small beam sizeE  

a <70nm (design 37nm) 

wrt IlC chromaticity correction 

If there is no wakefield issue 

at the low intensity : 

(1) β ら=0.1 mm, 1 x1 09/bunch 

and δ=0.05% :とらδ=1/2 of 

ILC 

。*y=45nm@ � y=20pm 

a*y=55nm@ εy=30pm 

(2)β*y=0.05mm ， 1 x1 09/ 

bunch and δ=0.05% : 

ξVδ=loflLC 

a*y=32nm@ � y=20pm 

a*y=39nm@ εy=30pm 

larger effect to the beam size? 1 Is the growth αεy ? 1 No problem at low intensity? 
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(2) two octupoles&hybrid QD0, (3) 
new OTR/ODR beam size monitor,  
(4)wakefield free steering,(5) PoP 
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LINAC
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IPBSM  Reminders 
from previous studies
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Fringe scan results at 174 degree mode
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M=0.36±0.04 by the fringe pattern fit M=0.49±0.01 by the fringe pattern fit 

f = N0(1 +M cos(Cphi · �� �0) +N1
N0 = 4598.66 
M = 0.488736966  (σy = 175nm) 
phi0 = 12.09731397 
Cphi = 0.996017034 
χ2  = 98.1 
reduced χ2= 5.45

N0 = 2354.033506 
M = 0.363681862  (σy = 60.4nm) 
phi0 = 10.86035195 
Cphi= 0.978788759 
χ2  = 44.0 
reduced χ2= 2.45

error bars show rms/√98 error bars show rms / √9

φ φ

M=0.42±0.06 by MIN-MAX  (dotted line)M=0.52±0.01 by MIN-MAX  (dotted line)
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10 Consecutive Fringe scan results  on 14 March 2013  :  174 degree mode and < ICT>= 0.58 x 109/bunch
Free parameters in the jitter analysis = Clinear, Cstat (Δfstat), Δφ 

10 Consecutive Fringe scan results  on 8 March 2013  :  174 degree mode and < ICT>= 0.68 x 109/bunch
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quency of the host laser maintains a consistent value for good absolute fre-
quency overlap with the seed laser on a long-term basis.
Having achieved coarse frequency overlap via internal temperature stabili-
zation, a means for controlling the piezoelectric FTE must be developed. 
Figure 3-3 suggests that minimizing the Q-switch buildup time corresponds 
to proper injection seeding. This is, indeed, the case in actual operation. 
Consequently, minimizing the Q-switch buildup time is the preferred 
parameter to employ to properly translate the piezoelectric FTE for precise 
frequency overlap with the seed laser. Figure 3-4 below shows the buildup 
time as the seed laser frequency is scanned through the host gain curve.

Figure 3-4: Host Laser Q-Switch Buildup Time as a Function of Seed 
Laser Frequency

The control loop block diagram for buildup time minimization is shown in 
Figure 3-5. To minimize the Q-switch buildup time, the control electronics 
develop an error signal using the derivative of the host buildup time with 
respect to the host cavity length (dTb/dl). This is essentially the slope of the 
curves in Figure 3-4. When this error signal is zero, the Q-switch buildup 
time is at its minimum value for that host cavity mode. The error signal is 
integrated over time to produce the piezoelectric FTE control voltage. 
Because the control loop uses integral control, an average steady-state error 
value of zero is possible during operation.

Figure 3-5: Frequency Control Loop Block Diagram
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Chapter 4 Controls, Indicators and Connections

This chapter describes the controls, indicators and connections of the PRO-
Series laser head, power supply and optional analog controller. Chapter 5,
"Installation," describes how to install the laser system and how to install
the control software on your pc. Chapter 6, "Operation," describes how to
operate the system using this software or the optional analog controller.

The PRO-Series Laser Head

D-Lok Monitor

IHS Dichroic Mirror OM,
(Static Mount)

(J

Fold Mirrors
FM2 FM,

Amplitier

Harmonic Generator (HG)

Marx Bank
HG Temperature Controller

Output Coupler M2
Injection Seeder

Oscillator

Polarizer
Pockels Cell
(Q-Switch)

High Reflector M,
and A/4 Plate

Aiuminum
Base Plate

BeamLok
Pointing Sensor

IHS Dichroic Mirror DM2
(Piezo Mount)

,::J Figure 4-1: An isometric view of the internal components of the PRO-series laser head.

Windows is a registered trademark ofthe Microsoft corporation.

4-1

Laser system of IPBSM

minimization of BUT 
(Build Up Time, Tb)

rear mirror

rear 
mirror 
M1 M2 M2

M1

BeamLok

Oscillator (laser resonator, cavity)

Nd:YAG, lamp

seeder

HG (1064 to 
532nm)

divergence lock

Q-Switch
|{z}

Tb

dTb/dL=0

Seeding

Diagnostic of burn patterns
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Figure 5.17: A sample result of the phase monitoring in a 10 minutes window. Phase control
is not performed. An addition of both channels have less fluctuation, as shown in the blue
line.
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Figure 5.18: A sample result of the phase stabilization in a 10 minutes window. The axis is
the same as the non-stabilized data. Stabilized channel is ch.1.

of two monitors can be seen by adding two data (the blue line). It shows good correlation
on the 10 minutes window in the figure, which means the phase is effectively measured. The
data of individual channels show a fluctuation of relatively short period of ! 1 minute and a
long term drift over the window.

Figure 5.18 shows a typical result of the phase monitoring with the phase stabilization.
Ch.1 is stabilized to phase = 0, which results a very flat graph. Ch.2 is not stabilized, but
because the stabilization is performed before splitting the laser path, Ch.2 is also affected by
the stabilization. The phase variation of the Ch.2 is drastically suppressed compared to the
unstabilized data, while the pulse-to-pulse fluctuation seems to increase slightly due to the
phase stabilization.

For our modulation measurement, the short time stability in a measurement time is more
important than the long term stability. To obtain the short term stability, we sliced the
phase data to 1 minute windows and acquire RMS values in the window.

Figure 5.19 shows the RMS plot in 1 minute windows. Compared to unstabilized (blue)
data, the RMS of stabilized (red) data is drastically low. The ch.1 + ch2 data (green) stand
for the maximum stability which can be obtained by the phase stabilization. Since the green
and red line are almost identical < 0.1 radian area, we can conclude the stabilization is
effective. The stabilized data of RMS > 0.1 radian mainly stand for accidents like seeding
fail, which should be detected and eliminated in the real measurement. We can conclude, for
the CW test laser, the stabilized data shows the phase stabilization is applied in almost its
maximum performance.
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piezo
stage

laser beam

Delay line w. piezo

Figure 5.14: A schematic figure of the variable optical delay line (left) and a picture of its
test setup (right). The test setup uses mirrors instead of prisms.

5.3 Phase Control

5.3.1 Phase Mover

To adjust and sweep the fringe phase, we install a phase mover on one of the split laser paths.
It consists of a piezoelectric stage and prisms to form an optical delay line of variable length.
The fringe phase at the IP depends on the difference of the two split laser path length, then
the phase can be controlled by adjusting one of the path length using the stage.

Figure 5.14 shows a schematic of the optical delay line. The bottom prism has dielectric
high reflection coatings on its orthogonal planes, while the top prism has only anti-reflection
coatings on its hypotenuse plane (no coatings on the orthogonal plane). Reflection at the
orthogonal planes of the top prism is by total internal reflection.

The prisms are just replacements of high reflection mirrors in our usage. Compared to a
delay line by mirrors (as the right figure of Fig. 5.14), the prism has no back reflection, and
needs smaller space.

Because we need a nanometer-scale phase control, resolution of the stage is essential.
We use a P-752.21C stage by Physik Instrumente, which has 0.2 nm closed-loop resolution.
Table 5.4 shows the specifications. This stage has enough resolution for our 10 nm level
phase stabilization, and response time is fast enough for < 10 Hz feedback.

Voltage output to the stage controller is generated by Advanet advme2706 VME D/A
board. The voltage setting resolution is 16 bit (15 bit monotony assured), range is ± 10 V,
and conversion time is 16 µs maximum, which is much faster than we need. Since the travel
range of the stage is 30 µm per ±10 V range of the input voltage, the stage motion per a
tick of the D/A (called a “setting resolution”) is about 0.5 nm.

Resister divider circuit can be applied to improve the setting resolution. We adopt 9:1
resister divider to improve the setting resolution to 0.05 nm. Narrowing travel length to
about 3 µm is not a problem because we need only several times laser wavelength (which is

Suehara’s doctor thesis
CW laser

CW laser

Stabilized
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Objective
lens

Image
sensor

Beam
samplers

Figure 5.16: A picture of the test setup of the phase monitoring.

5.4 Tests of Phase Monitoring and Stabilization

5.4.1 Measurement Condition

To obtain performance of the phase monitoring and stabilization, we did test experiments of
the phase monitoring and control. For the phase control test, A couple of objective lenses
and image sensors with a piezo stage, as all described in former sections, are used. We split
the laser beams and form two beam crossings to be viewed by the phase monitors, as same as
174̊ setup of the Shintake monitor. The two monitors are used to estimate the performance
of the phase stabilization. In the experiment, stabilization is performed based on the phase
obtained by one of the monitors, and the other monitor only records acquired phase for the
performance estimation.

Figure 5.16 shows the setup of the experiment. The experiment is performed on the
optical table of the original Shintake monitor used in the FFTB. In the IP region of the
optical table, we installed a base plate with mirrors, objective lenses, and image sensors. The
phase control stage, the picture as shown in Fig. 5.14, is placed outside the picture. We use
both the low power continuous wave(CW) test laser and the pulsed laser for the test.

5.4.2 Result of the CW Laser Test

Figure 5.17 shows a typical result of the phase monitoring. Because the phase monitors are
located face-to-face, phase variation can be observed inversely to the other. The correlation

73.6 mrad 
(1min. time windows)

27.5 mrad  (1min. time windows)
ref.ch

stab.ch

1

2
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Figure 5.20: A sample result of the phase monitoring for the pulsed laser. Time window is
30 sec. The range of the vertical axis is identical to Fig. 5.17. and Fig. 5.18.
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Figure 5.21: A same result as Fig. 5.20 with a 10 minutes window. The vertical axis is
enhanced.
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Figure 5.22: The stabilized data of the pulsed laser. Range of the vertical axis is the same
as Fig. 5.18.

performance for the pulsed laser. The origin of the pulse-to-pulse fluctuation is discussed in
the next subsection.

Figure 5.21 shows the long term fluctuation. For the long term fluctuation two channels
are almost correlated and canceled by adding the two channels.

Figure 5.22 shows a 10 minutes spectrum of a stabilized phase data of the pulsed laser.
The stabilization is effective for long term fluctuations, but the pulse-to-pulse fluctuation is
totally remained or slightly enhanced.

The obtained RMS stability of 1 minute windows for the pulsed laser is,

• Stabilized Ch.2: 239 mrad.,

• Unstabilized Ch.2: 800 mrad.,

• Unstabilized Ch.1 + Ch.2: 162 mrad.

The stabilization effect can be observed clearly, while improvement can be possible because
the addition data have better stability than the stabilized single channel.

The 239 mrad. phase stability (corresponding to 10.1 nm phase position stability) barely
meets the Condition 1. To achieve required resolution, we need to improve the performance
of the phase stabilization, or apply better strategy of scanning to suppress an effectiveness
of the phase jitter.
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Figure 5.22 shows a 10 minutes spectrum of a stabilized phase data of the pulsed laser.
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totally remained or slightly enhanced.

The obtained RMS stability of 1 minute windows for the pulsed laser is,
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• Unstabilized Ch.2: 800 mrad.,
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33nm/0.8rad 
(1min. time windows)

10nm/0.239rad  (1min. time windows)

33nm/0.8rad (1min. time windows)
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Figure 5.23: Simulation result of the phase motion by a variation of the laser incident angle.

5.4.4 Summary and Discussions

As shown, the phase fluctuation can be almost completely canceled by the stabilization system
for the CW laser. An achieved stability is 1 nm level, which is well under the required phase
stability.

In principle, the measured phase depends only on the difference of the optical path lengths
after the split mirror, and it does not depend on the initial phase of the laser or components
outside the optical table. Therefore, the results of the CW and the pulsed laser are expected
to be the same.

However, for the pulsed laser, large amplitude of a pulse-to-pulse fluctuation is observed,
while the fluctuation can hardly be observed for the CW laser. This means that a pulse-to-
pulse difference of the optical path lengths after the split mirror exists only if we induce the
pulsed laser.

This is mainly caused by a poor pulse-to-pulse pointing stability of the laser, in other
words, the laser pulses have a pulse-to-pulse angular jitter which causes the pulse-to-pulse
phase fluctuation.

Figure 5.23 shows the result of an optical tracking for the variation of the path length by
the laser incident angle. The plot shows that an order of 10 µrad. angle deviation corresponds
to about 100 nm phase deviation. Since the pulse-to-pulse pointing stability of the laser
is about several µrad., this can be a major source if the pulse-to-pulse phase fluctuation.
Assuming the fluctuation is caused by the angular jitter of the laser, data of the PSDs can
be utilized for a better estimation of the phase at the IP.

Simulation : sources as angular variation

10urad

100nm

Pulse laser ( angular jitter = 18.2 urad)

10nm

33nm



図 4.12: レーザー光位置安定度測定時の光学系配置
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Pmax
=

√( ∆Px

Pmax

)2

+
( ∆Py

Pmax

)2

= 0.0542

と計算できる (ガウス分布のプロファイルに対する、位置ジッターによるパワーの低下については
付録 B.1参照)。
次の章でこの値を他の誤差要因と比較するが、このレーザーパワーのばらつきは現時点で主要
な誤差要因とはなっていないものの、比較的大きい値である。そのため、次の節でこの誤差を減
らす方法について述べる。
また、この位置ずれからレーザー出射時の角度ジッターを計算すると、収束用のレンズの焦点
距離が f = 250 mmなので、式 (4.2)より、X軸方向、Y軸方向にそれぞれ

∆θx = arctan
( 3.0 µm

250 mm

)
= 12 µrad

∆θy = arctan
( 1.8 µm

250 mm

)
= 7.2 µrad

となる。
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図 4.16: PSD(IP)X軸方向と PSD2X軸方向の相関 (左)、PSD(IP)X軸方向と PSD2Y軸方向の相関
(右)。左図では明らかな相関が見てとれるが、右図はほぼ無相関である。従って、レーザー
光の位置の 2方向のばらつきは独立に扱うことができる。

となった。
図 4.18は、フィッティングされた位置と測定された位置の差をヒストグラムにしたもので、ここ
から、衝突点でのレーザー光位置の予測精度は X軸方向 (垂直方向)に 1.17 µm、Y軸方向 (ビー
ム軸方向)に 1.20µmとなる。この場合、電子ビームと作用するレーザーパワーの誤差を同様に計
算すると、

∆P

Pmax
≈ 1√

2

√
(1.17 µm)4 + (1.20 µm)4

10.6 µm
= 0.0125

となる。
ただし、まだ衝突点でのレーザー光位置の推定は成功していないので、次の章の性能評価では、
測定されたビーム位置のズレをそのままビームサイズ測定の際の誤差として扱う。
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図 4.17: 衝突点におけるレーザー光位置のフィッティング値と測定値。左図は PSD(IP)X軸方向 (鉛
直方向)、右図は PSD(IP)Y軸方向 (ビーム軸方向)。縦軸が測定値で横軸が PSD1、PSD2か
らのフィッティング値を表す。比例関係からのずれが測定誤差に相当する。
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図 4.18: 衝突点におけるレーザー光位置のフィッティング値と測定値の差のヒストグラム。PSD(IP)X
軸方向 (左)、PSD(IP)Y軸方向 (右)。ヒストグラムの幅が測定値とフィッティング値のずれ
を表し、両軸とも 1.2 µm程度である。

4.3.5 位置のドリフトの補正

レーザー光の位置には角度ジッターによるパルスごとのズレ以外に、長い時間間隔でのドリフ
トも存在する。これの主な原因はレーザーのコンディションの変化や、ミラー・レンズのズレな
どが考えられる。これらは例えパルスごとの位置ずれの計算ができても、補正しきれない誤差と
なる。

PSD1と PSD2の上流側には図 4.12のようにアクチュエータの付いたミラーがあり、これらの
アクチュエータを用いて PSD1と PSD2でのレーザー光の位置を特定の場所に保持することで、
衝突点でのレーザーの位置のドリフトを防ぐことができる。
光学系のテスト時に実際に測定された PSD1と PSD2での位置の時間変化を図 4.19に示す。こ
の測定は 1000 secと比較的短い時間であるが、それでも明らかにパルスごとのジッターとは異な
る変化が見られる。このドリフトは衝突点でのレーザー光位置のズレを生じ得るため、確実に補
正する必要がある。

4.4 干渉縞位置安定度
前節で述べた位置安定度はレーザー光全体の位置であり、これは電子ビームと相互作用するレー
ザー光の強度にしか効かない。より重要なのは、レーザー光同士の干渉でつくられる干渉縞の位
置安定度である。測定原理の項で述べたように、本ビームサイズモニタは、１回のビームサイズ
測定に数十パルスの電子ビームを必要とする。そのため、パルスごとに干渉縞の位置がふらつく
と、測定精度に大きく影響する。
衝突点での干渉縞の位置は、干渉する２つのレーザー光の位相差に依存する。この位相差は、
元々一つであったレーザー光を２つに分けてからの光路長差に相当する。
第 2章で書いた、衝突点での干渉縞の式 (2.6)には位相差を書かなかったが、それを含めて考え
るには、式 (2.4) において、位相差 αを加えて、

B⃗2 = B cos
(
ωt − k⃗2 · r⃗ + α

)
(−x̂ sinφ − ŷ cos φ) (4.8)

とおけばよい。これで磁場の平均強度
〈
B2

x + B2
y

〉
を計算し直すと、

〈
B2

x + B2
y

〉
= B2 {1 + cos 2φ cos (2kyy + α)} (4.9)
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図 4.15: PSD2におけるレーザー光の位置安定度。PSD上の X軸は水平方向、Y軸はビーム軸方向
に相当する。

4.3.4 光線追跡による推定

この衝突点でのレーザーパワーの低下の量を推定するには、衝突点でのレーザー光の位置がわ
からなければならない。そこで、図 4.12の PSD1と PSD2での測定データから衝突点での位置の
ズレを計算するということを計画している。しかし、現時点ではまだ光線追跡の計算が測定と十分
な精度で一致していない。そこで、ここでは原理的に可能な位置の計算精度を算出するに留める。
レーザー出射時のズレとしては、位置と角度がありうるが、PSDでの測定位置は出射位置から

1 m以上離れているので、10 µradの角度ズレがある場合、10 µm程度になる。従って、位置ズ
レの方がこれよりも十分に小さければ、PSDでは測定されない。また、衝突点では前述のように
収束レンズ上での角度ズレのみが効き、位置のズレはほぼ影響しない。従って、PSD1、PSD2、
PSD(IP)で測定される位置ずれは、レーザー出射時の角度ズレのみに起因すると考えられる。
レーザーの位置ずれとしては、レーザーの進行方向に垂直な２方向があるが、微小な変位であ
れば、これらの軸は独立に扱うことができる。実際、PSD(IP)のX軸方向の位置と、PSD2のX
軸方向・Y軸方向それぞれとの相関を見てみると、X軸方向とは相関があるが (図 4.16左)、Y軸
方向とはほとんど無相関であることがわかる (図 4.16右)。
以上の考察から衝突点でのレーザー光の位置 (XIP, YIP)が、PSD1と PSD2での位置 (X1, Y1)、

(X2, Y2)を用いて、ほぼ一次関数

XIP = p0 + p1Y1 + p2X2 (4.6)

YIP = q0 + q1X1 + q2Y2 (4.7)

で表されると近似できる。この関数を仮定して、測定データのフィッティングを行う (PSD1の設
置されているレーザー定盤は、PSD2、PSD(IP)が設置されている垂直定盤とは 90◦向きが異なる
ので、XとYが逆になっている)。
図 4.17が、最小二乗法で得られたフィッティングパラメータを用いて計算された衝突点での位
置と、測定値をプロットしたものである。このときのフィッティング・パラメータは、

p0 = 41.82, p1 = −0.0288, p2 = 0.0263

q0 = −5.52, q1 = −0.0442, q2 = 0.114
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