
Questions at 9th TB 
Q1. Beam Condition for the SC-Q project
A1. those at the second goal
Q2. Differences and similarities between ATF2 and ILC, 
what will be learned and not learned from them.
A2. separate excel file
Q3. Backup plan if KEK can not support ATF operation 
after 2013.
Q4. Backup plan if KEK can not support the cryogenics
A4. We may have a possibility for US to support 
instead.  Or, the beam test will delay a few years until 
the KEK budget is recovered.
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A Superconducting Magnet 
Upgrade of the ATF2 Final Focus

Proposal : ATF2 SC-Q
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Mode-I 
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)

Mode-II 
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 20nm.)
 B2) Establishment of beam jitter controlling technique 
      at nano-meter level with ILC-like beam (2011 -?) 
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Requirements
Goal ATF-EXT ATF2

I/A
Jitter < 30% of σy

with no feedback

γεy=(4.5    3) x 10-8m
 ( εy = 12pm  )

BSM (laser in higher mode)
BPMs with 100nm res. at Qs

Power supplies of < 10-5

Active mover of Final Q

II/B
 Jitter < 5% of σy

 ( 2nm jitter at FP )
with feedback

BPM  with < 2nm res. at FP 

IP Intra-bunch feedback for
ILC style beam

2009年 12月 17日 木曜日



10 2 OVERVIEW OF THE ATF2 PROJECT

Table 2.1: Beam parameters achieved at ATF and planned for ATF2, goals A and B. The ring energy
is E0 = 1.3 GeV, the typical bunch length and energy spread are σz ∼ 8 mm and ∆E/E = 0.08 %.

Measured (A) (B)
Single Bunch

Nbunch [1010] 0.2 – 1.0 0.5 0.5
DR γεy [10−8m] 1.5 3 3
Extr. γεy [10−8m] 3.0 – 6.5 3 3

Multi Bunch
nbunches 20 1 – 20 3 – 20
Nbunch [1010] 0.3 – 0.5 0.5 0.5
DR γεy [10−8m] 3.0 – 4.5 3 3
Extr. γεy [10−8m] ∼ 6 3 3

IP σ∗y [nm] 37 37
IP ∆y/σ∗y [%] 30 5

The beam stability can be further improved with a new 300 ns kicker which will make it possible to
extract the beam-train in 3 bunches separated by 150 ns. A fast feedback system being developed by
KEK and UK groups, FEATHER and FONT, will be used to further stabilize the third bunch. The
nano-BPM system will be able to verify the performance of the fast feedback system at the nanometer
level. Further beam jitter control at the nanometer level with an ILC-type beam (goal B2) will require
a very fast kicker with less than a ns rise time and stable pulse height. This will make it possible
to extract an ILC-type train, i.e. 20 bunches with about 300 ns separation at 5 Hz, see Section 6.1.
These developments may evolve over several years including continuing during ILC construction.

Finally, before installation of the ATF2 components, the floor under the new beamlines must be
reinforced similarly to what was done for the ATF damping ring. Studies with seismometers and
tiltmeters, described in Section 7.3 have shown that the present floor in the ATF2 area is much
less stable and has a large sensitivity to temperature variation. Reinforcement of the floor will help
mitigate stability issues.

The high quality beams available at ATF2 would generate many other opportunities for experiments.
As an option, a photon linear collider (PLC) test facility has been considered, and described in
Section A. At the PLC test facility, a photon beam would be produced with high intensity and multi-
bunch structure similar to the ILC. Experiments could also be conducted to test QED in the strong
field of a high intensity laser.

ATF2 Project, 2005

In the ATF2 Proposal
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3.1 ATF2 FF optics and comparison with the ILC-FF 21

order of 104 . T hus even with a small energy spread  E = 10−3 the beam size may easily grow by an or-
der of magnitude. T he chromatici ty is corrected introducing sextupole magnets in dispersive regions.
Most of the chromatici ty comes from the final focus quadrupole magnets, therefore i t is most e  ect ive
to have the sextupoles in the final doublet , providing local compensation of chromatici ty. T he second
order dispersion, arising from sextupoles, can be compensated simultaneously with chromatici ty if
one allows that half of the total horizontal chromatici ty would come from upstream of F D . Higher
order aberrat ions cancelled by proper beam transport relat ions with the upstream sextupoles. T he
local chromatici ty compensation for IL C optics is beneficial, because then the optics is less sensi t ive
to synchrotron radiation, can be reasonably short , even for Te V energy and can have large bandwidth
(of about a percent or higher).

3.1.2 Proposed optics designs

T he final focus beam line of the AT F2 is extending the exist ing A T F extract ion line as shown in
F ig. 1.1. T he optics of the AT F2 final focus with the new diagnost ics sect ion is shown in F ig. 3.3.
T he F F optics has L∗ = 1 m (distance from last focusing quadrupole to IP),  ′ = −0.14 (derivative
of dispersion at IP) with IP beta-funct ions  ∗x/y = 4 /0.1 mm. T he total chromatici ty of this optics is
approximately the same as in the IL C F F . T he vert ical beam size will be focused to 37 nm with the
aspect rat io of about 100:1 similar to the IL C . T he A T F2 beam parameters are compared with IL C
parameters in Table 3.1.

T he AT F2 proposal was originally considered with an alternative final focus optics proposed by K uroda
et al. in [5]. We have compared performance of both proposed designs and found that the optics sug-
gested in [5] has fewer magnets and would be less expensive, however in this optics the chromatici ty
correct ion is not purely local, the tolerances on magnet strength and posi t ion are t ighter, the band-
width is narrower and scaling to Te V energy is more di  cult . T herefore, the N L C-like optics was
chosen as a baseline design for the AT F2. A detailed report on comparison of these two optics options
is in preparation [8].

Table 3.1: AT F2 proposed optics IP parameters in comparison with IL C .
params AT F2 IL C
Beam Energy [G e V] 1.28 250
L∗ [m] 1 3.5 – 4.2
  x [m-rad] 3e-6 1e-5
  y [m-rad] 3e-8 4e-8
 ∗x [mm] 4.0 21
 ∗y [mm] 0.1 0.4
 ′ (D D X) [rad] 0.14 0.094
 E [%] ∼0.1 ∼0.1
Chromatici ty Wy ∼ 104 ∼ 104

T he AT F2 optics was designed primarily using codes M A D , Transport , Turtle and DIM A D . However,

ATF2 Project, 2005
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Commissioning,1997, Achievement of the emittance, 2001

The Primary Goal is Generation of Ultra Low Emittance Beam 
with Energy of 1.3 GeV

εx=1.5nm and εy=4pm , 2003

γεx γεy

Y.Honda et al.,PRL92 (2004)054802

K.Kubo et al.,PRL88 (2002)194801
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Horizontal Emittance

From previous ATF measurements, only 
get 3um horizontal emittance at lowest 
beam charges.

Tuesday, November 24, 20092009年 12月 17日 木曜日



QF1 Multipoles

12-pole component of QF1FF 
causes coupling at IP and vertical 
beamsize growth

Mitigate either through increasing 
(doubling) IP horizontal Beta or 
building compensating 12-pole 
magnet

Tuesday, September 29, 20092009年 12月 17日 木曜日



Parameters SC-Q now comment

Horizontal emittance  γεx  [μm] 3 3-5 intensity

Vertical emittance  εy  [pm] 12 <10

Vertical jitter in pulse to pulse  [σy] 0.3 ~1

Vertical incoherent jitter in bunch to bunch [σy] 0.05 0(10) IPBPM:
2nm

beam intensity  [ 1010/bunch ] > 0.6 >0.6 FONT

Number of bunches with ~300ns spacing 30 3 Fast kicker

Updates of Beam Parameters
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