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ATF2 “Goal 2” preparations 

Plan for studies of ground motion impact 

Plan / ideas / issues for lower IP beam sizes 

Plan for beam halo measurement and collimation 

Plan for non-linear QED studies   



ATF / ATF2 Goals 

Very small damping ring vertical emittance 
   - from   ̴ 10 pm  4 pm (achieved !)  1-2 pm 

 
 Small vertical beam size                                 “goal 1” 
    - achieve sy   ̴ 37 nm (cf. 5 / 1 nm in ILC / CLIC)                                             
    - validate “compact local chromaticity correction” 
 
 Stabilization of beam center                         “goal 2” 
   - down to   ̴ 2nm  (  ̴ 10nm for “goal 1”)  
   - bunch-to-bunch feedback  (  ̴ 300 ns, for ILC) 
 
R&D on nanometer resolution instrumentation 
 
Train young accelerator scientists on “real system”   
   -  maintain expertise by practicing operation  

 open & unique facility 



Issues for beam stability 

Damping Ring 
 

Kicker 
 

Ground motion at Final Doublet 
and other high β quadrupoles 



Vertical 
beam size 
  350 m 

 
Jitter  15 % 

 

Scaling: 
expect @ IP         
 6 nm ???  

 



B. Bolzon, ATF2 project meeting, December 2009 

Expected IP motion from each quad using KEK site data-fitted GM model 



B. Bolzon, ATF2 project meeting, December 2009 

Expected IP motion with ALL quad using KEK site data-fitted GM model 



B. Bolzon, ATF2 project meeting, December 2009 

Uncertainties in KEK site data-fitted GM model at short distances ?? 



One of the challenging goals for ATF2 

1. achieving of the 37 nm vertical beam size 

2. Stabilize a beam in a few nanometer 

level at the IP.  
 
FONT (Feedback On Nano-Second Timescales) 

has been developed 

• as a prototype of a beam-based intra-train 

feedback system for IP of LCs. 

• Correct the impact of fast jitter sources such 

as the vibration of magnets. 

 

 
 

Nano-meter Beam Position Stabilization 

FONT1~FONT3 
Analogue feedback system for very 

short bunch-train LCs. 
 

Latency FONT3(ATF) 23 ns. 

FONT4 & FONT5 (ATF2) 
Digital feedback system for long 

bunch-train ILC.  
allow the implementation of more 
sophisticated algorithms  

Oxford / KNU / RHUL / KEK 

Phil Burrows, Glenn Christian, et al. (Oxford) 
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Simulation 
FB OFF: jitter 14.7 nm 

FB ON:   jitter   

2.6 nm 

FONT + IP-BPM 
“for ATF2 Goal 2” 

Assuming perfect lattice,  

no further imperfections (!) 

2.1 um         0.4 um        0.8 um 

Results at ATF EXT-line feedback 

Bunch 1            Bunch 2            Bunch 3 

    Results of the fast feedback 

Jitter comparison at 
ATF2-IP (simulation) 



Preparation for the nm-beam position stabilization 
IPBPM+FONT 

IPBPM 
Triplet of the Low-Q cavity BPM. Fabricated by KNU. 
Sensitivity tested at ATF LINAC. 
Readout electronics tested at ATF2. 

FONT-kicker 
Installed near the ATF2-IP. 
Tested in June 2012. 

 
 
 
 
 

Setup will be fully 
assembled at IP in 
spring 2013. 

New vacuum chamber 
Precise positioning of IPBPM 
triplet. Fabrication at LAL. 

 
 
 
 
 
 

IP 

Beam 



Required precision on relative IP-BPM scale factors 

depends on beam parameters  

 ~ 1 m   (e.g. diagnostic section) 

 
1 2 3 IP 

d 

IP = (y2 – y1) / d 
yIP = 2 y2 – y1 

 = calibration error of 1 relative to 2  
   2 y2 – y1    yIP + 2   d 

jitter  ( / )0.5 d (sjitter / s)  10-7 rad       10-2  for 1 nm error 

d   0.1 m 
y  12 pm 
sjitter / s   10% 

 ~ 10-4 10-3 m   (interaction point : nominal 10 x optics) 

jitter  ( / )0.5 d (sjitter / s)  10-9 rad      10-4  for   1 nm error 
                                                                    10-3  for 10 nm error 
                                                                    3 10-3  for 1 nm error 



IP-BPM chamber with precise in-vacuum positioning and calibration 
Designed and presently undergoing many checks and tests at LAL 



Si-Won Jang, ATF2 project meeting, January 2013 

Design and test of IP-BPMs and electronics at 
Kyungpook National University 





Sha Bai (IHEP, LAL) et al. 



Ultra-low β* 
program for high 

chromaticity regime 
at CLIC and ILC 



Chromatic correction concentrated 
on the vertical plane 

• enlarged βx*=45mm, variable βy* 

– choose βx*=45mm: as without  chromatic correction, σx* minimized 

– with chromatic correction mainly in the vertical plane (green line): 
σy* minimized when βy*= 0.08mm  

– σy*=0.4∙σy_nom*   ( σx*=3∙σx_nom* )  

– Luminosity recovery seems possible and there’s room for 
optimization. 

Yiwei Wang 
CLIC workshop 2013, 28th Jan-1st Feb 2013, 
CERN 

17 Yiwei Wang (IHEP, LAL), this workshop 

ILC 
 
 
 

ATF2 

Reduced nb of 
sextupoles: 52 
 
less beamstrahlung 
 
Further work: 
reduce vertical 
chromaticity 
removing 
intermediate focus 





Beam halo and BSM background issues 

post-IP bend magnet vertical gap                    
final doublet beam pipe                                   
chromatic correction c-band BPM apertures   

Halo 
intercepted on 

GEANT4 (simplified conditions) 

under study… 



Shan Liu (LAL) 



Shan Liu (LAL) 



Toshiaki Tauchi (KEK) 



Toshiaki Tauchi (KEK) 



Toshiaki Tauchi (KEK) 



    Stay tuned for our progress with both goal 1 and goal 2 in 2013 ! 
 
ATF/ATF2 plans activities (smaller beam sizes, stabilization, 
other…) for a number of years leading up to the future linear 
collider. 
 
ATF/ATF2 unique as R&D facility, especially for instrumentations 
Invaluable training of early stage accelerator scientists on “real 
systems”, in collaborative, flexible, yet competitive environment 
 
FJPPL-FKPPL workshop at LAL on ATF2 goal 2 and future plans 
February 11-13, 2013: http://events.lal.in2p3.fr/ATF2-2013/ 
 
                             Thank you for your attention ! 



Additional slides 



2 Shims holders 

New IP Chamber 

Targets’ holes for 

surveyor measurements 
(4 holes per flange) 

4 External (manual) movers to 

adjust IP-Chamber position Downstream side 

 External references bring 

IP Chamber axis, vertical 

and horizontal planes 

Large aperture 

viewports / windows 

Sandry Wallon &            

Frédéric Bogard (LAL) 



BPM tripod 3d motion test               piezo actuator  
          (Bruno Leluan)                      (Cedrat APA200M) 

lateral 

displacement 

vertical 

displacement 

BPM displacement  
 





diagnostic section 



Recent progress towards “goal 2” 

New IP chamber being built in Orsay to house ‘Shintake’ BSM and new set of lower Q high 
resolution cavity BPMS from KNU  

• Expected to be installed early 2013 

Meanwhile, new kicker installed near IP. Use existing higher Q IP-BPMs (with the vertical waist 
shifted) to investigate: 

• Effect of the upstream FB system on IP stability (ultimate performance of upstream 
system) 

• Feed-forward from upstream BPMs (eg P2 & P3) to the IP kicker 

• Local FB correction (problem: no independent monitor of the FB performance on beam) 

Check whether any significant jitter at IP originates from motion of final doublet 



Main LC BDS issues addressed by ATF/ATF2  
validate concept(s), develop, practice, train,… 

• Beam instrumentation 

 
• Stabilization 

 
• 4+1 dim. phase space tuning & control for IP 

spot minimization 
 

 
• Halo control 
                                       

- nm-level position                                                          
- profile (x, y, tilt) 

- passive / active mechanical stabilization                                                         
- beam / vibration measurement based feed-back/forward 

- emittance minimization via radiation damping                                               
- mitigation of 1st, 2nd and 3rd order optical aberrations                                      
- convergence time  dynamical errors (sismic & thermal effect) 

- modeling, generation, propagation, monitoring…                                                          
- collimation (physical, optics) 

 



Parameters ATF2 ILC CLIC 

Beam Energy [GeV] 1.3 250 1500 

L* [m] 1 3.5 - 4.5 3.5 

x/y [m.rad] 5E-6 / 3E-8 1E-5 / 4E-8 6.6E-7 / 2E-8 

IP x/y [mm] 4 / 0.1 21 / 0.4 6.9 / 0.07 

IP ’ [rad] 0.14 0.0094 0.00144 

E [%] ~ 0.1 ~ 0.1 ~ 0.3 

Chromaticity ~  / L* ~ 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 sy [nm] 37 5.7 0.7 

 scaled ILC FFS 

 start point of CLIC FFS 

ATF2 =  

concept of local compact 
chromaticity correction 

σ2= ε𝑁 β / γ 


