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ATF2 :  Goal - I (- 2012)
A.  Achievement of 37nm beam size
 A1) Demonstration of a new compact final focus system;
      proposed by P.Raimondi and A.Seryi in 2000,
 A2) Maintenance of the small beam size 
      (several hours at the FFTB/SLAC)

Goal - II (2013 - )
B. Control of the beam position
 B1) Demonstration of beam orbit stabilization with 
      nano-meter precision at IP.
      (The beam jitter at FFTB/SLAC was about 40nm.)
 B2) Establishment of beam jitter controlling technique 
      at nano-meter level with ILC-like beam 
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Parameters unit ATF2 ILC CLIC S-KEKB
(LER/HER)

Beam Energy GeV 1.3 250 1500 4/7

L* m 1 3.5-4.5 3.5 0.47/1.3
γεx m-rad 5x10-6 1x10-5 6.6x10-7 2.5/3.3x10-5

εx nm 2 1.0 (DR) 0.1 (DR) 3.2/2.4
γεy m-rad 3x10-8 4x10-8 2x10-8 1.0/1.2x10-7

εy pm 12 2(DR) 1(DR) 13/8.4
β*x mm 4 21 6.9 32/25
β*y mm 0.1 0.4 0.07 0.27/0.41
η’ rad 0.14 0.0094 0.00144
σE % ~0.1 ~0.1 ~0.3 0.08/0.06
Chromaticity L*/β*y ~104 ~104 ~5x104 1.7/3.2x103

σ*x μm 2.8 0.655 0.039 10.2/7.8
σ*y nm 37 5.7 0.7 59/59
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ATF2 Features
The same number of magnets as the ILC-FF.

The tuning knob, methods are the same,too.

Beam instrumentation has been developed 
with the ILC specifications; BPMs, BSMs, 
movers, magnet support, laserwires, HA 
power supplies, FONT-feedback system etc. .

International participation in the 
commissioning and operation
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Damping	  Ring

Septum	  magnets
IP

Final	  Doublet
（QD0,	  SD0,	  QF1,	  SF1）

Diagnos9c	  region

Final	  Focus	  Line
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Effect	  of	  Magnet	  Swap	  on	  Tracked	  Beam	  size	  for	  op9mized	  la;ce
(v4.5	  BX2.5BY1	  la;ce,	  emit_x=2nm)

• Very	  liLle	  effect	  for	  this	  configura9on.
• Need	  to	  check	  for	  larger	  emit_x	  (3-‐4nm)

G.White、ATF2	  mee9ng	  July	  6
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S-‐band	  BPM	  feed-‐through
• feed-‐through	  of	  Cavity	  BPM	  has	  Kovar,	  i.e.	  magne9c	  ,	  at	  Final	  
doublet;	  the	  s-‐band	  BPMs	  have	  been	  	  removed.

Feed	  through	  of	  S-‐band	  BPM(Kovar)
Skew	  mul)pole	  components	  measured	  with	  
kovar	  feedthrough	  in	  posi)on	  A	  at	  varying	  
distances	  from	  magnet	  coil	  face.
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Addition of Skew	  ６ magnets

From 1  to  4 magnets
to	  correct	  skew	  sextupole	  
components	  at	  quadrupole	  magnets

T.Okugi、ATF2	  mee9ng	  July	  13
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IPBSM : Beam size measurement as a function of 
crossing angle

 

れはビームサイズを 1/
√

2～1/2にまで小さくできることを意味し、その場合垂直方向には 20 nm
程度のビームサイズとなる。従って、このビームサイズでもある程度 (10% 以下が望ましいが、大
きくても 20% )の感度を持つことが望ましい。
以前、FFTBで使用された新竹モニタでは垂直方向のビームサイズ測定のために、交差角を 174◦、

30◦ の 2種類を使用していた。このときの測定レンジは表 2.2のように、最小 40 nmから最大 720
nmである。まず、測定可能な最小のビームサイズは、レーザーの波長を半分にすることで、形成
される干渉縞の間隔も半分になり、ATF2の設計ビームサイズ 37 nmを含む測定レンジとなる。
また、β関数を設計値よりも大きくする場合のビームサイズも、測定可能な範囲に入る。しかし、
これは同じ交差角度を使用した場合、測定可能な最大ビームサイズも半分になることを意味する。
そのため、本ビームサイズモニタでは交差角度の種類を更に増やすことにした。ここで追加する
交差角度であるが、新竹モニタの測定精度はビームサイズに対して図 2.5のような曲線を描くた
め、他の交差角度とある程度重なりを持ちつつも、より広い測定レンジを持たせるには適当な角
度を選ぶ必要がある。
以上のことを考慮し、本ビームサイズモニタでは、8◦と 2◦を追加することとなった。このとき
の各交差角モードでの測定精度を変調度の誤差∆M を一定と仮定した場合について、プロットす
ると図 3.2 となる。実際の測定誤差を考慮した測定精度については、後のビームサイズ測定精度
の章で改めて計算する。各モードでカバーする測定レンジは表 3.1となる。

図 3.2: 変調度の誤差∆M を一定と仮定した場合に各交差角モードにおいて期待されるビームサイズ
測定精度。このプロットを作った際に全測定領域 (25 nm ～ 6 µm)で一定の精度 (上図の場合
Resolution= 0.1の線以下)を持つように交差角度が選定された。

表 3.1: 各交差角モードでの測定レンジ

交差角 174◦ 30◦ 8◦ 2◦

干渉縞間隔 266 nm 1.028 µm 3.81 µm 15.2 µm
測定範囲 25 nm ～ 100 nm 100 nm ～ 360 nm 360 nm ～1.4 µm 1.4 µm ～ 6 µm

26
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N0 = average energy in the interference region
N1 = energy in non-overlapping region

N�(�L) = N0(1 +
˜M cos(�L � �0)) +N1 = (N0 +N1)(1 +

N0

N0 +N1

˜M cos(�L � �0))

Therefore, modulation is just degraded by 
N0

N0 +N1

Degradation of Modulation
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Repetition rate 1.5 Hz  3 Hz
• Speedup the beam tuning

• Adaptation of monitor systems, e.g. BPMs in the DR

BPMs@DR at 3Hz
FONT (IP-feedback)
Cavity Compton
IPBSM
6.6kV power system failed

RF(modulator)-2 failed 11/9
IPBSM 30deg.
new QF1FF
ref. cavities removed
10x1 Optics

earthquake M7.3 12/7
realignment in the DR
wakefield studies
large vertical emittance

Air-conditioning in the DR does not work 
since the begging in October,  which 
causes variation of the DR circumference; 
e.g.  a few kHz/day
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DRAFT 
 1:00 – 9:00 9:00 – 17:00 17:00 – 25:00 
12/10 Mo --- ---  Kubo 
12/11 Tu Kuroda + A White + B Okugi + C 
12/12 Wd Woodley + D Tauchi + E Kuroda + A 
12/13 Th Kubo + B Okugi + C Tauchi + D 
12/14 Fr White + E Terunuma + A Woodley + B 
12/15 Sa Kuroda + C Terunuma + D White + E 
12/16 Su Kubo + A Tauchi + B Woodley + C 
12/17Mo Okugi + D White + E Terunuma  + A 
12/18 Tu Kuroda + B Tauchi+ C Okugi + D 
12/19 Wd Woodley + E Kubo + A White+ B 
12/20 Th Okugi + C Kuroda + D Kubo + E 
12/21 Fr White+ A Tauchi + B  

Name: Study/Tuning leader (Italic: shift leader (for safety)) 
A-D: Study/Tuning sub-leaders  
The assignments are not strict and you may move and/or join flexibly to any shifts. 
A: J. Nelson, E. Marin, L. Corner 
B: Y. Renier, H. Garcia Morales  
C: S. Boogerd, J. Snuverink,m 
D: Y-I Kim, N. Blaskovic, Davis 
E: J. Pfingstner, Akagi, Tanaka 
 
12/10(Mon)                                 Kubo/Lekomtsev 
12/11(Tue) Morozumi/Akagi  Kuroda/Tsukada  Okugi/Ozawa 
12/12(Wed) Omori/Oroku     Tauchi/Tsukada  Fukuda/Jiang  
12/13(Thu) Araki/Shimizu   Okugi/Tanaka    Morozumi/Aryshev 
12/14(Fri) Naito/Arpit     Saeki/Yan   Araki 
12/15(Sat) Kuroda  Terunuma Araki 
12/16(Sun) Kubo  Tauchi  Naito 
12/17(Mon) Okugi           ???                Terunuma/Shimizu 
12/18(Tue) Kuroda/Tanaka     Urakawa/Lekomtsev  Araki/Oroku 
12/19(Wed) Saeki/Yan         Kubo/Tsukada       Naito/Arpit 
12/20(Thu) Okugi/Jiang       Flanagan/Akagi     Omori/Ozawa 
12/21(Fri) Morozumi/Aryshev  Tauchi/Tsukada 
 
 

 

ATF2 beam tuning shift plan in last 2 weeks, 2012

5 operation teams by 
young/senior researchers
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• The	  LINAC	  RF#2	  had	  a	  serious	  trouble	  in	  evening	  of	  
last	  Friday,	  11/9	  2012.

• Survey	  had	  been	  done	  from	  Nov.	  12th	  	  to	  15th.	  We	  had	  
to	  de-‐assemble	  the	  Klystron	  sec9on	  to	  check	  the	  
inside	  of	  the	  HV	  tank.

• It	  was	  found	  the	  HV	  pulse	  transformer,	  DC-‐HV	  cables	  
and	  sockets,	  Thyratron	  trigger	  box	  and	  Grid	  resister	  
were	  damaged.	  

• The	  trouble	  seems	  to	  be	  started	  by	  the	  unexpected	  
shots	  of	  the	  Thyratron	  with	  much	  higher	  repe99on	  
but	  without	  the	  trigger.

Failure	  of	  	  LINAC	  RF#2
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Devices	  for	  Recovery
HV	  pulse	  transformer	  is	  swapped	  by	  
that	  for	  SLAC	  5045	  klystron

Spare	  klystrons,	  Toshiba	  3712,	  80	  MW.
Use	  bland	  new	  klystron.	  We	  have	  more	  but	  repaired	  and	  low	  
powered.
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	  New	  QF1FF	  was	  installed

• New	  magnet	  was	  put	  on	  the	  mover.

• Mover	  keeps	  its	  middle	  posi9on	  more	  than	  
a	  day.

• Cabling	  was	  almost	  done.

• Fine	  alignment	  is	  in	  progress.

• Vacuum	  chambers	  will	  be	  connected	  
today.

2012  11/19-22
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Reference	  Cavi9es

• Three	  C-‐band	  reference	  cavi9es	  (not	  used	  at	  
present)	  were	  removed	  from	  the	  beamline.

• That	  for	  S-‐band	  was	  also	  relocated	  3	  meter	  
upstream.	  We	  need	  relocate	  the	  pickup	  cable.

2012  11/19-22
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2012.12.11 20:10

4 OTR measurements and reconstruction of IP parameters 

β*x=18.5±1.0mm

β*y=0.10±0.002mm
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2012.12.12 6:41

4 OTR measurements and reconstruction of IP parameters 

β*x=30.3±0.5mm

β*=0.1±0.002mm
β*y=0.085±0.002mm
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2012 12/21 21:52 move to vertical knob scans, QD0FF scan
• change to 129.225A
• beam size 3.8 um
• If we assumed to emit_y=40pm (OTR measurement), 

beta_y*=0.093mm.
• QD0FF_carbon_121211_221347.png: 

20:45 correct horizontal dispersion at final focus by 
scanning QF1FF strength and damping ring 
frequency (+- 2kHz)

new magnet setting 122.674 A (min. beam size)
• eta_x = 5.38 mm
• 5 micron contribution to beam size

horizontal beam size: 13.575 um
estimated beta*_x 0.057 m
estimated hor. emittance 4 nm

Estimation of IP Beta function by 5umΦ IP carbon wire scans
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QF1FF current scan

red cross; measurement
green line; fit to the measured data
blue line; SAD model (emittx=2nm)

QD0FF current scan

red cross; measurement
green line; fit to the measured data
blue line; SAD model (emitty=40pm)

2012 12.13  Day shift
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IP vertical beam size measurement by IPBSM 2012 12.5  14:22

7.3 Degree
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IP vertical beam size measurement by IPBSM 2012 12.5  15:00

Very consistent with 
one at 7.3 degrees

5 measurements

30 Degree
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Installation of a c-band reference cavity 
(MREF3FF) for wakefield study  at large 
Beta(y),   12/5  Owl shift
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13
In most buildings, wall tiles and 
windowpanes are damaged and fall. In 
some cases, reinforced concrete-block 
walls collapse.

Most furniture moves to a large extent 
and some jumps up.

Thrown by the shaking and 
impossible to move at will.14237

In many buildings, wall tiles and 
windowpanes are damaged and fall. 
Most un-reinforced concrete-block walls 
collapse.

Most heavy and unfixed furniture moves 
and falls. Occasionally, sliding doors are 
thrown from their groove.

Impossible to keep standing 
and to move without crawling.8006-

Upper 

In some buildings, wall tiles and 
windowpanes are damaged and fall.

A lot of heavy and unfixed furniture 
moves and falls. It is impossible to open 
the door in many cases.

Difficult to keep standing.4504006-
Lower 

In many cases , un-reinforced concrete-
block walls collapse and tombstones 
overturn. Many automobiles stop 
because it becomes difficult to drive. 
Occasionally, poorly-installed vending 
machines fall.

Most dishes in a cupboard and most 
books on a bookshelf fall. Occasionally, a 
TV set on a rack falls, heavy furniture 
such as a chest of drawers falls, sliding 
doors slip out of their groove and the 
deformation of a door frame makes it 
impossible to open the door.

Many people are 
considerably frightened and 
find it difficult to move.

2535-
Upper 

People notice electric-light poles swing. 
occasionally, windowpanes are broken 
and fall,  un-reinforced concrete-block 
walls collapse, and roads suffer damage.

Hanging objects swing violently. Most 
Unstable ornaments fall. Occasionally, 
dishes in a cupboard and books on a 
bookshelf fall and furniture moves.

Most people try to escape 
from a danger. Some people 
find it difficult to move.

1422505-
Lower 

Electric wires swing considerably. 
People walking on a street and some 
people driving automobiles notice the 
tremor.

Hanging objects swing considerably and 
dishes in a cupboard rattle. Unstable 
ornaments fall occasionally.

Many people are frightened. 
Some people try to escape 
from danger. Most sleeping 
people awake.

45804

Electric wires swing slightly.Dishes in a cupboard rattle occasionally.
Felt by most people in the 
building. Some people are 
frightened.

14253

Hanging objects such as lamps swing 
slightly.

Felt by most people in the 
building. Some people awake.4.52.52

Felt by only some people in 
the building.1.40.81

Imperceptible to people.0

Outdoor SituationsIndoor SituationsPeople
Acc.(cm/s2): 
acc=0.45x10^

(0.5I)
JMAScale: I

http://www.jma.go.jp/jma/kishou/know/shindo/explane.htmlJMA (Japan Meteorological Agency)

250

400

80

25

8

lower end

gal

Scale(m)
Acc(cm/s2)
0.45x10m/2

2011.3.11 (M9.0)@Tsukuba

2012.12.7 (M7.3)@Tsukuba

Earthquake in Japan
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The work had been started at 20:00 and whole ATF2 beamline was opened.  The 
evacuation was started at 1:30AM and leakage check was done at 3:00AM. After that, 
it took 5 hours to reach the vacuum pressure for beam operation
   (1) T-tube for pumping port was exchanged Cross-tube to have a vertical symmetry. 
   (2) MS1X screen monitor was removed.
   (3) MFB1FF, stripline BPM for slow feedback was removed. 
   (4) A gate valve was relocated to the low betay position. 
   (5) Test Cavity BPM for CLIC (near LW) was removed. 
   (6) Parallel chamber system for IP-BPM test stand was removed. 
   (7) MW0X and MW4X, wire scanners, were removed because we could not move to 
the beam-stay-clear position.
   (8) MW2X and MW3X were checked and put their wire holder into beam-stay-clear 
(twice wider aperture) position.
   (9) A few bellows (wider diameter) were replaced to the standard one which has 
similar aperture of the neighbor chambers.
 In addition above, we looked inside of the beamline.
    (1) The mOTR had no interfere objects. It keeps the aperture of bellows mounted on 
both side of the OTR. Bellows is bigger than the standard beam pipe (diameter 24mm).
   (2) No structure such as bent electrode or fallen electrode was found. I just saw the 
circular straight aperture.

Work for wakefield sources,  2012  12.12  20:00 - 12.13 3:00
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2012 12.13 16:10 MREF3FF scan
• no clear dependence after -1mm, 0mm, 1mm (all modulation close to 0.9)
• FF magnet power tripped, beam off
• modulation seems a bit reduced afterwards (only those points taken into account)
• set to 0.0 mm (low background: ~1500), very high background at negative values
• MREF3FF_fringe_121213_164816.png:

2012年 12月 14日 金曜日



Mul9-‐knobs	  by	  (skew)	  sextupoles

Linear	  Knobs	  

	  Ax,	  Ex,	  Ay,	  Ey,	  C2	  	  	  

Non-‐linear	  knobs

Y26,	  Y22

2012年 12月 14日 金曜日



Response	  of	  beam	  parameters	  at	  IP	  	  	  to	  each	  knob	  (1)

Ay scan Ey scan

Coup2 scan

2012年 12月 14日 金曜日



6.87 degree mode,  2012 12.13
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DR Extraction Kicker Historic Setpoint Data (from SET-files)

ɸy = 12 pm 
May 18 2010 

ɸy = 15 pm 
April 21 2010 

Issue of large vertical emittance at EXT
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ȴX @ BS3X (from orbit fit) 

Horizontal orbit position at 
BS3X center estimated by 

back-propagation from EXT 
BPM measurements 

(QF1X-QF4X) 
 … courtesy of Yves Renier 

ȴVKEX ȴX 

ATF2 feedback 

measurement: 2012/12/07 Owl Shift 
BS3X	  Skew	  Quadrupole	  Field	  Dependence	  
on	  EXT	  Kicker	  Strength	  	  by	  Mark	  Woodley

large vertical emittance due to BS3X skew Q?
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Summary

37

1. IPBSM upgrade was done and commissioned at <30 degree mode.
2. ATF was quickly recovered troubles and earthquake.
3. New QF1FF was installed.
4. Candidate sources of wakefield were removed as much as possible.
5. Measured optics is well consistent with the model (design).
6. R&Ds are progressing towards the goal 2.
7. Present IP beam has M=0.34 at 30 degree mode of IPBSM.
8. Issue to be solved is the large vertical emittance at EXT.

9. We are eager to achieve the beam size of less than 
70nm in this run,  i.e. by end of 2012.
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