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ATF and 
ATF2 
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Low emittance in ATF 
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Accelerator Test Facility, KEK 
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ATF2 

Scaled down model 
of ILC final focus 

at KEK 
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Final Focus Test Beam –  
optics with traditional non-local chromaticity compensation 

Achieved (in ~1990s) ~70nm  
vertical beam size 
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ILC BDS: from end of linac to IP 

Beam Delivery System  
(BDS) 

International Linear Collider 

BDS includes:  
Final Focus (FF), Collimation System, Diagnostic Section, Extraction line, etc.   
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Factors driving design of BDS 

•  Final Doublet chromaticity 
–  local compensation of chromaticity  

•  Beam-beam effects 
–  background, IR and extraction design 

•  SR emittance growth in BDS bends 
–  weak and long 

•  Halo collimation  
–  survivability of spoilers 

•  Beam diagnostics 
–  measurable size at laser wires 

•  … 
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How big is chromaticity in FF? 

•  The final lens need to be the strongest 
•  ( two lenses for both x and y => “Final Doublet” or FD ) 

•  FD determines chromaticity of FF  
•  Chromatic dilution  of the beam  

size is Δσ/σ ~ σE L*/β* 

•  For typical parameters, Δσ/σ ~ 15-500    too big ! 
•  => Chromaticity of FF need to be compensated 

σE -- energy spread in the beam ~ 0.002-0.01 
L* -- distance from FD to IP     ~ 3 - 5 m 
β* -- beta function in IP          ~ 0.4 - 0.1 mm 

Typical: 

Size: (ε β)1/2 
 Angles: (ε/β)1/2 

L* IP 

Size at IP:  

 L* (ε/β)1/2  
+  (ε β)1/2 σE

  

Beta at IP:  
L* (ε/β)1/2 = (ε β* )1/2 

  =>  β* = L*2/β 

Chromatic dilution:  
 (ε β)1/2 σE

  / (ε β* )1/2 

 = σE  L*/β* 
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TeV FF with non-local chromaticity 
compensation  
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Traditional FF 
(NLC FF, circa 1999) 
L*=2m, TeV energy reach 

•  Chromaticity is 
compensated by 
sextupoles in dedicated 
sections 

•  Geometrical aberrations 
are canceled by using 
sextupoles in pairs with 
M= -I 

Final 
Doublet 

X-Sextupoles Y-Sextupoles 

Problems: 
•  Chromaticity not locally 

compensated 
–  Compensation of aberrations is not 

ideal since M = -I for off energy 
particles 

–  Large aberrations for beam tails 

/ 

Chromaticity arise at FD but  
pre-compensated 1000m upstream 
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FF with local chromatic correction 

 

•  Chromaticity is cancelled locally by two sextupoles interleaved with 
FD,    a bend upstream generates dispersion across FD 

•  2nd order dispersion produced in FD is cancelled locally provided that 
half of horizontal chromaticity arrive from upstream 

•  Geometric aberrations of the FD sextupoles are cancelled by two more 
sextupoles placed in phase with them and upstream of the bend 

•  Higher order aberrations are cancelled by optimizing transport 
matrices between sextupoles 

P.Raimondi, A.Seryi, PRL, 86, 3779 (2001)  
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Chromatic correction in FD 
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•  Straightforward in Y plane 
•  a bit tricky in X plane: 

Second order  
dispersion 

chromaticity 
If we require   KSη = KF to 
cancel FD chromaticity, then 
half of the second order 
dispersion remains.  
 
Solution:  
The β-matching section 
produces as much X 
chromaticity as the FD, so the X 
sextupoles run twice stronger 
and cancel the second order 
dispersion as well. 
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Compare FF designs 

Traditional FF, L* =2m 

New FF, L* =2m 
new FF 

FF with local chromaticity compensation 
with the same performance can be 
 ~300m long, i.e. 6 times shorter 
 
Moreover, its necessary length scales 
only as E2/5 with energy! One can design 
multi-TeV FF in under a km! 
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1999, Traditional FF, 1.8km, L* =2m 2000, New FF, 300m, L* =2m 
P.Raimondi, A.Seryi 

2000, 550m 
L* =4.3m 

2000 

2001 

FF optics with local correction 
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IP bandwidth & halo generation 

Bandwidth of FF with local 
chromaticity correction can be 
better than for system with 
non-local correction 
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•  FF with non-local chr. corr. generate 
beam tails due to aberrations and it 
does not preserve betatron phase of 
halo particles 

•  FF with local chr. corr. has much 
less aberrations and it does not mix 
phases particles 
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BDS design methods & examples 

Example BDS optics; 
design history; location 
of design knobs 
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BDS design methods & examples 

Need to take care of very highly nonlinear terms! 
Example: y ~ U (x’, y’, E2)  - FOURTH ORDER 
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BDS functions and optics 

IP linac 
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ILC Beam Delivery subsystems 

14mr IR 

Final Focus 
E-collimator 

β-collimator 

Diagnostics 

Tune-up 
dump 

Beam 
Switch 
Yard 

Sacrificial  
collimators 

Extraction 
grid: 100m*1m Main dump 

Muon wall 

Tune-up & 
emergency 
Extraction 
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Parameters of ILC BDS 
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ATF2 

•  The idea of a new test facility at ATF, to prototype the 
advanced final focus, for linear collider, was conceived 
in 2002 at Nanobeam workshop  
in Lausanne 

•  Idea evolved, and has now been  
realized in iron and concrete 

•  ATF2 goals 
–  prototype ILC Final Focus system 
–  develop FF tuning methods, instrumentation (laser wires, fast 

feedback, submicron resolution BPMs)  
–  learn achieving ~37nm size & ~nm stability reliably  
 

•  ATF2 final goal – help to ensure collisions of nanometer 
beams, i.e. luminosity of ILC 

Early scheme presented by 
Junji Urakawa 
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Early scheme as presented by  
Junji Urakawa at Nanobeam 2002 
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ATF2 major milestones 

•  September 2002, Nanobeam workshop, Lausanne 
–  idea of new Final Focus test facility at ATF 

•  January 2005, SLAC, first ATF2 workshop  
–  compared two optics versions, selected ILC-like design 
–  stated the need to document the Proposal 

•  May 2005, ATF2 mtg at KEK 
–  collaboration organization & MOU, task sharing, 1st version of 

schedule (commissioning start range: 02.2007-02.2008) 

•  August 2005 
–  ATF2 Proposal, Vol.1 (technical description) released 

•  February 2006, SLAC, 1st ATF2 Project Meeting 
–  ATF2 Proposal, Vol.2 (organization, cost & contributions) released 

•  May 2006, KEK, 2nd ATF2 Project Meeting … 
–  detailed design & role sharing 

•  … May 2008, BINP Novosibirsk, 6th ATF2 Project Meeting 
–  Review of construction status and commissioning readiness 

•  … To date: 14 ATF2 Project Meetings 

ATF2 Proposal: 
110 authors, 25 
institutions 
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Optics considered for ATF2 in 2005 

Optics with L*=1m, and IP βx=4mm, 
βy=0.1mm 
(same Y chromaticity as present ILC 
parameters) 
Parameters used 
γεx=3e-6 m , γεy=3e-8 m, E=1.54 GeV 

 

Optics by S.Kuroda 

Optics by A.Seryi 
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ATF2 goals 
(A) Small beam size 

Obtain σy ~ 35nm 
Maintain for long time 

(B) Stabilization of beam center  
  Down to < 2nm by nano-BPM  
  Bunch-to-bunch feedback of ILC-like 

train 

ATF2 – 
model 
of ILC 
BDS 

Scaled down model of ILC final 
focus (local chromatic correction) 
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ATF2 & ILC parameters 

Parameters ATF2 ILC 
Beam Energy, GeV 1.3 250 
L*, m 1 3.5-4.2 
γεx/y, m*rad  3E-6 / 3E-8 1E-5 / 4E-8 
IP βx/y, mm 4 / 0.1 21 / 0.4 
IP η’, rad 0.14 0.094 
σE, % ~0.1 ~0.1 
Chromaticity ~1E4 ~1E4 
nbunches 1-3 (goal A) ~3000 
nbunches 3-30 (goal B) ~3000 
Nbunch 1-2E10 2E10 
IP σy, nm 37 5 
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http://atf.kek.jp/  

MOU: Mission of ATF/ATF2 is three-fold:  
•  ATF, to establish the technologies associated with producing the electron beams with the quality 
required for ILC and provide such beams to ATF2 in a stable and reliable manner. 
• ATF2, to use the beams extracted from ATF at a test final focus beamline which is similar to 
what is envisaged at ILC. The goal is to demonstrate the beam focusing technologies that are 
consistent with ILC requirements. For this purpose, ATF2 aims to focus the beam down to a few 
tens of nm (rms) with a beam centroid stability within a few nm for a prolonged period of time. 
• Both the ATF and ATF2, to serve the mission of providing the young scientists and engineers 
with training opportunities of participating in R&D programs for advanced accelerator 
technologies. 

ATF International organization is defined by 
MOU signed by 25 institutions: 
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ICB: decision making 
body for executive 
matters related to the ATF 
collaboration (chair: 
Ewan Paterson,  
SLAC)  

TB: assist the 
Spokesperson in 
formulating the ATF Annual 
Activity Plan, including the 
budget and beamtime 
allocation and assist the ICB 
in assessing scientific 
progress. (co-chairs:  
A.Wolski, CI, E.Elsen, 
DESY)   

Spokesperson:  
direct and coordinate the work 
required at ATF/ATF2 in accordance 
with the ATF Annual Activity Plan, 
report the progress to ICB and the 
progress and the matters  
related to KEK budget to  
director of KEK 
(Junji Urakawa, KEK): 

Deputies of 
Spokesperson: carry out 
tasks in the areas of  
  
•  Beam  
operation  
(Shigeru  
Kuroda, KEK) 

•  Hardware  
maintenance  
(Nobuhiro  
Terunuma, KEK) 

•  Design,  
construction  
and  
commissioning  
of ATF2  
(Andrei Seryi, SLAC) 

Org. snapshot ~2010 
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Cost distribution of the 
components normalized by the 
total cost, where the in-kind 
ones are also included 
 
as seen in mid 2005 (from ATF2 
Proposal, Volume 2) 
 
(Oku-yen is 100*1E6 yen) 

ATF2 cost 
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Outline of the ATF2 time schedule, as seen in mid 2005 (from ATF2 Proposal, Volume 2) 
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Layout & civil construction 

Construction: new 
shielding, reinforced floor 
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ATF2 construction in 2007 

Assembly hall before construction Assembly hall emptied for construction 

Construction of reinforced floor 
Construction of shielding 

Photos:  
Nobu Toge 

Aug – Dec 
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ATF2 floor piles 
~ 13m x 38 sets 

2007/8/24 
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ATF2 floor base structure 

2007/9/14 2007/9/3 
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Finalizing the ATF2 floor 

2007/9/14 2007/9/18 
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ATF collaboration & ATF2 facility 
•  ATF2 will prototype FF, 
•  help development tuning 

methods, instrumentation 
(laser wires, fast feedback, 
submicron resolution BPMs),  

•  help to learn achieving small 
size & stability reliably,  

•  ATF2 is one of central elements of BDS 
EDR work, as it will address a large 
fraction of BDS technical cost risk.  

•  Constructed as ILC model, with in-
kind contribution from partners and 
host country providing civil 
construction 
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Power Supplies and Magnet system	


SLAC-built High Availability Power Supplies installed, 
connected and tested at ATF2	
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Beamline quads: SLAC / IHEP  
design, QC / production, measurements 

C.Spencer (SLAC) at 
IHEP, Beijing, Dec 2005 

First ATF2 quad, Jan 2006 
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Beamline movers 

•  FFTB cam movers were 
refurbished and used for all 
and magnets of ATF2 (except 
bends) 
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ATF2 construction – January 2008 

The last regular quadrupole is going to the destination 
~20 sets of supports, movers & quads were installed in January. R.Sugahara et al 
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Cavity BPMs 

Prototype at PAL 
C-band  
Sub 100 nanometer resolution 
Large dynamic range >500um 

ATF2 beamline magnets equipped 
with cavity BPMs  
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Cavity BPMs	


Cavity BPMs and SLAC front-end 
electronics modules provide sub-
micron resolution of beam position	
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ATF2 final 
doublet 

 
 
 
 
 

ILC Final 
Doublet 
layout 
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Laser wire chamber at ATF, JAI 

Laser wires 

•  Goal: non-destructive diagnostics for ILC 
•  (ATF2 is tuned with carbon wires and OTRs) 
•  Studies in ATF extraction line 
•  Aim to measure 1 µm spot beam 
•  Aim at 150ns intra-train scan 
•  Located at ATF2 in a place  
with µm spot 
•  Presently achieved resolution  
~1µm 
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Advanced beam 
instrumentation at ATF2 

•  BSM to confirm 35nm beam size 
•  nano-BPM at IP to see the nm stability 
•  Laser-wire to tune the beam 
•  Cavity BPMs to measure the orbit 
•  Movers, active stabilization, alignment system 
•  Intratrain feedback, Kickers to produce ILC-like 

train 
 IP Beam-size monitor (BSM) 
(Tokyo U./KEK, SLAC, UK) 

Laser-wire beam-size  
Monitor (UK group) 

Cavity BPMs, for use with Q 
magnets with 100nm 
resolution (PAL, SLAC, KEK) 

Cavity BPMs with 
2nm resolution,  
for use at the IP 
(KEK) 

Laser wire at ATF 
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Compton scattered photons 
detected downstream 

Collision of 
 e- beam 
with  
laser fringe	
  

 upper, lower laser paths cross at IP 
  form Interference fringes 

Piezo	
  

•  Use	
  laser	
  interference	
  fringes	
  as	
  target	
  for	
  e-­‐	
  beam	
  
The	
  only	
  device	
  able	
  to	
  measure	
  σy	
  <	
  100	
  nm	
  !!	
  
•  Crucial	
  for	
  ATF2	
  	
  beam	
  tuning	
  and	
  realiza:on	
  of	
  ILC	
  Beam	
  Size	
  Monitor	


 e- beam  
safely dumped 

Split into upper/lower paths 
  phase scan by piezo stage 

Jacqueline Yan, et al 
University of Tokyo"
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　Detector	
  measures	
  	
  
signal	
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  σy	
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Jacqueline Yan, et al 
University of Tokyo"
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174	
  deg.	
  	
 30	
  deg.	
  	


2	
  -­‐	
  8	
  deg	
  	


Crossing	
  angle	
  
con@nuously	
  
adjustable	
  by	
  
prism	
  	
  

beam 
pipe  

Laser  transported to IP   

optical 
delay 

half 
mirror	
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ATF2 results – December 2012 

Slide: T.Tauchi 
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ATF2 results & scaling to 250GeV/beam 

5 nm 
7 nm 

70 nm 

1.4 nm 

Rescaled to 
250 GeV/beam 

ATF2 results at 
1.26 GeV/ beam 
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History	
  of	
  measured	
  beam	
  size	
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<70 nm beam size confirmed first in Dec. 2012, 
and continuously observed	
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ATF2 review by ILC GDE, Apr 2013: 
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ATF2 review by ILC GDE, Apr 2013: 
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•  Final Focus with local chromatic 
correction works in theory and in practice 

•  The ATF/ATF2 international collaboration 
successfully demonstrated operation of 
ILC-like final focus system 

•  The ATF2 project was realized as ILC-like 
international project, with in-kind 
contributions 

•  The ATF2 is a great training and advanced 
accelerator research facility 

Summary 
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Thanks to all colleagues in the ATF Collaboration! 
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EXTRA SLIDES 
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USPAS – Summer of 2014 

Looking for support of the community for this initiative 
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USPAS – Summer of 2014 


