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STF + ATF : R&D for 
future high energy 
e+e− linear colliders
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science with photons
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ATF & ATF2 R&D for linear colliders
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Parameters ATF2 ILC CLIC
Beam Energy [GeV] 1.3 250 1500

L* [m] 1 3.5 - 4.5 3.5

γεx/y [m.rad] 5E-6 / 3E-8 1E-5 / 4E-8 6.6E-7 / 2E-8
IP βx/y [mm] 4 / 0.1 21 / 0.4 6.9 / 0.07
IP η’ [rad] 0.14 0.0094 0.00144

δE [%] ~ 0.1 ~ 0.1 ~ 0.3

Chromaticity ~ 1E4 ~ 1E4 ~ 5E4
Number of bunches 1-3 (goal 1) ~ 3000 312

Number of bunches 3-30 (goal 2) ~ 3000 312

Bunch population 1-2E10 2E10 3.7E9

IP σy [nm] 37 5.7 0.7
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Accelerator Test Facility @ KEK

εx = 1.2-2 nm   
εy ~ 4-10  pm

ATF2 final focus

Damping Ring

S-band Linac

σx = 2.8-10 μm  σy = 20-50 nm



Test Facility Deliverable Date

Hardware development, Optics and stabilisation demonstrations:
Demo. of reliable operation of fast kickers meeting the 
specifications for the ILC damping ring.

2010
ATF

Generation of εy = 1 pm-rad emittance beam 2009
Demo. of compact Final Focus optics (design demagnification, 
resulting in a nominal 35 nm beam size at focal point).

2010

Demo. of prototype SC and PM final doublet magnets 2012ATF2

Stabilisation of 35 nm beam over various time scales. 2012

Electron cloud mitigation studies:
Re-config. (re-build) of CESR as low-emittance e-cloud test 
facility. First meas. of e-cloud build-up using instrumented 
sections in dipoles and drifts sections (large emittance).

2008

Achieve lower emittance beams. Meas. of e-cloud build up in 
wiggler chambers. 

2009CESR-TA

Characterisation of e-cloud build-up and instability thresholds 
as a func. of low vertical emittance (≤20 pm)

2010

Fast kicker design and pulser reliability check 2010DAΦNE
Characterisation of e-cloud build-up and instability thresholds 2010

SLAC/LLNL Fast kicker pulser development 2010

R&D deliverables from Test Facilities for ILC BDS and DR



ATF meets ILC normalised emittance challenge



Beam extraction test(1)

Extraction kicker

•The beam extraction test was carried 
out to confirm the performance of the 
strip-line kicker.
•The pulsed magnet kicker was replaced 
to  two units of 60cm long strip-line 
kicker.
•To help the lack of the kick angle, a 
local bump orbit and an auxiliary septum 
is used.

ATF2 Extraction line

Damping Ring

Kicker pulse
(10kV)

Kicker field

Beam extraction with fast strip-line kicker
T. Naito (KEK), ATF2 project meeting, Jan. 2011



Multi-bunch Beam in the DR and the extraction line

Stable beam extraction 
confirmed to the dump 
without any beam loss

~ 300 ns separation

3 trains of 10 bunches are 
stored in the DR 

5.6 ns separation



Test Facility Deliverable Date

Hardware development, Optics and stabilisation demonstrations:
Demo. of reliable operation of fast kickers meeting the 
specifications for the ILC damping ring.

2010
ATF

Generation of εy = 1 pm-rad emittance beam 2009
Demo. of compact Final Focus optics (design demagnification, 
resulting in a nominal 35 nm beam size at focal point).

2010

Demo. of prototype SC and PM final doublet magnets 2012ATF2

Stabilisation of 35 nm beam over various time scales. 2012

Electron cloud mitigation studies:
Re-config. (re-build) of CESR as low-emittance e-cloud test 
facility. First meas. of e-cloud build-up using instrumented 
sections in dipoles and drifts sections (large emittance).

2008

Achieve lower emittance beams. Meas. of e-cloud build up in 
wiggler chambers. 

2009CESR-TA

Characterisation of e-cloud build-up and instability thresholds 
as a func. of low vertical emittance (≤20 pm)

2010

Fast kicker design and pulser reliability check 2010DAΦNE
Characterisation of e-cloud build-up and instability thresholds 2010

SLAC/LLNL Fast kicker pulser development 2010

R&D deliverables from Test Facilities for ILC BDS and DR



LLR

LAPP





ATF2 = scaled ILC & CLIC final focus
→ new local chromaticity correction

P. Raimondi and A. Seryi, Phys. Rev. Lett. 86, 3779 (2001)



Goal A : nanometer beam size
- obtain σy ~ 35 nm at focal point
- reproduce reliably σy ,maintain in time

1. Instrumentation R&D for nano-beams
2. User-based operation through international multi-partner collaboration
3. Co-education for young accelerator physicists and engineers

• Construction & installation completed in 2008
• 2009 / 2010 commissioning and testing
• 2011 / 2012 goals A & B + instrumentation R&D
• After 2013, continue Linear Collider R&D + physics with intense laser

Project goals
Goal B : trajectory stabilization 
- 1-2 nm at focal point
- intra-train feedback (ILC-like trains)

ATF2 COST : ~ 6 M$    mainly from Asia, with US & EU contributions

Planning



Daily operation meeting in control room

16



ATF2 operation & instrumentation R&D

DR extraction
setup, stability

Match optics into FF
buffer section for input errors

2nd order telescope
fine tuning of local errors



Commissioning periods
Dec. 2008             3 weeks

2009                      21 weeks (=1+2+4+3+3+1+2+2+3)

Jan. – Jun. 2010   14 weeks (=3+2+2+3+2+1+1)  1st continuous week

Autumn 2010        7 weeks (=2+2+3)                   2nd continuous week

Beam time scheduling
50% fraction for ATF2  &  4 days per week operation

Individual RD tasks & common goals
KEK, KNU, Tokyo, Sendai, SLAC, IHEP, UK, France, Spain, CERN,…

ATF2 educational function
Several PhD  & young post-doc researchers in accelerator science

2011 6 continuous shifts with 3 rotating teams, each composed of 3 primary experts
f (ATF2 tuning, “Shintake” monitor, ATF general operation) + supporting staff



Commissioning gradual βx,y* (demagnification) reduction paced by

instrumentation (BSM / other) background studybeam tuning



Variable βIP at ATF2

βy [m]

April - December 2009 March 2009

nominal value
βy = 0.0001 m
βx = 0.004 m

since january
2010

βy = 0.001 m
βx = 0.04 m

10 times 
nominal 
values

ultra-low β upgrade       
factors 2-4

(CLIC & low P. ILC)

ultra-low β upgrade       

nominal βy
nominal βx  × 2.5Now

S. Bai (IHEP, LAL), 2008-2009

R. Tomàs (CERN), 2009



S. Boogert (RHUL), ATF2 project meeting, Jan. 2011





Reconstructing variations at injection
(during dispersion measurements)

ΔfRF [kHz] = off 0 +3      +2      +1  0  -1 -2  -3     -2       -1    0  +1 +2 +3   off  
Y. Rénier (LAL), ATF2 project meeting, Dec. 2009



Measure X dispersion by changing DR energyX dispersion from energy fluctuations

Y. Renier et al. 

DR IP

Y dispersion from energy fluctuations < 1e-4



Neutron and EM background study
H. Guler & M. Verderi (LLR), ATF2 project meeting, Jan. 2011







“Shintake” beam size monitor at IP

Sensitivity ranges of crossing angles



+ systematics…



Multiknobs for <xx’>, <yy’>, <yx’>, <xδE> and <yδE > control

Example with 3 FFS quads
for x&y waists and hor. disp.

Setup with                                                      laser
wire-scanners α η k      θ α η <yx’>  α η <yx’>  k tuning

First ATF2 continuous tuning run, Dec. 2009



G. White (SLAC), ATF2 project meeting, Jan. 2011



skew sextupole tolerance compared to the 
measurement for the quadrupoles
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Best quadrupoles:  QM15FF, QD10X, QF11X, QF17X, QD18X

Worst quadrupoles:QD4BFF, QD0FF, QF5AFF, QF9AFF, QF5BFF

D. Wang (IHEP), ATF2 project meeting, Jan. 2011



Conclusions and prospects
• Success of ATF     federation of independent R&D teams

flexible & open – user-operated – facility

• Post-Docs, PhD & Master students – international co-supervision

• Excellent progress with instrumentation: stripline & cavity BPMs, 
“Shintake” beam size monitor and several other ATF2 R&Ds

• 1st and 2nd ATF2 continuous beam tuning run in May & December  

300 nm vertical spot (target was ~ 100 nm)

Issue of “operational stability” for extended runs

New “goal 1 dedicated” operation mode in 2011

• ATF operation guaranteed for dedicated LC R&D to end of 2012

• Program continuation for LC + extension to other science goals 
(e.g. strong field physics with intense laser) beyond 2012







1. Continued ILC/CLIC R&D
2. Extended science scope:    

strong field physics  
with very intense laser

not funded
to be reviewed



Additional slides



Multi-OTR & Bkgd Monitors 
not included

~ 6 M$



Multi-OTR & Bkgd Monitors not included



Multi-OTR & Bkgd Monitors to be added













New design of the OTR 
for ATF-ATF2

Multi-OTR System December 2010: Coupling Correction

Coupling correction in the EXT achieved by scanning each of the 4 EXT 
skew quads. For each scan the quantity (vertical normalised 
emittance)*BMAGY is plotted and taken the optimal from a parabolic fit.

13-14 January 4611th ATF2 Project meeting
A. Faus-Golfe (IFIC)





BPM-Model Response



Dispersion Correction



Y. Rénier (CERN), Jan. 2011

Improved dispersion measurement using energy 
fluctuations reconstructed in extraction line



Higgs boson production at threshold
Proposal to run near threshold (√s=230GeV) for a light Higgs (120GeV)

Reason Higgs mass resolution determined from Higgs-strahlung process
e+e- HZ (Z μ+μ-, e+e-) with the recoil mass method: 

is the best due to
- better momentum resolution of m±, e± at low energy
- larger cross section at 230GeV than at e.g. 350GeV

2 2 2H Z Zm s m E s= + −

230GeV

350GeV

mH

LAL 07-03
F. Richard et al.





Instrumentation preparation and R&D

• Stripline BPMs, C and S band cavity BPMs, BSM “Shintake”, wire-scanners

in most part commissioned and operating satisfactorily (few improvements underway)

• IP-cavity BPMs, tilt monitor, OTR profile, LW, FONT

actively studied as R&D in preparation for goal 2 (and 1)

• Background monitors: PLIC optical fibre + dedicated instrumentation

simulation effort coupled to measurements needed to assess ultra low β* feasibility



Automated IP waist scans & Twiss measurements



IPBSM Scans (alpha_y)



D. Wang (IHEP), ATF2 project meeting, Jan. 2011



Compare measurement and ion trap calculation
instability observed beyond 6 bunches / train

3 train, 7 bunch/train 6
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K. Kubo (KEK), ATF2 project meeting, Jan. 2011
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