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For MAD files see http://www.slac.stanford.edu/~mdw/ATF2/v4.0



EXT Diagnostic Section (version 4.0)
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 ATF2 pulse-to-pulse feedback devices (v3.7)(v4.0)
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Vertical Dispersion CorrectionVertical Dispersion Correction
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S S
equal strengths 

(“sum knob”)
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 Vertical Dispersion Correction: Effectiveness
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 Vertical Dispersion Correction: Twiss at Skew Quadrupoles
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ηy and η′y at MQF9X (start of diagnostic section)y y
after steering EXT flat (100 seeds)

Simulation Results @ MQF9X
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Vertical Dispersion Correction: Residual x-y Coupling
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EXT Tuning SimulationsEXT Tuning Simulations
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Simulation Parameters
• use Lucretia1 simulation code

i l d d• included
– perfect beam from Damping Ring (εx=2×10-9 m, γεy=3×10-8 m) … 

errors begin after extraction septa, unless otherwise noted
perfect Final Focus– perfect Final Focus

– dipole errors2: ΔY = 100 μm (rms)
– quadrupole errors: ΔX = 50 μm, ΔY = 30 μm, Δθ = 0.3 mrad (rms)
– sextupole errors: ΔX = 50 μm, ΔY = 30 μm, Δθ = 0.3 mrad (rms)p μ μ ( )
– BPM resolution: 5 μm (rms)

• not included
wire scanner rolls: │θ│ ≤ 0 2° (uniform)– wire scanner rolls: │θ│ ≤ 0.2 (uniform)

– wire scanner beam size errors: σ = σ0(1+Δσrelative)+Δσabsolute
– quadrupole strength errors (ΔK/K)
– BPM offsets
– BPM rolls
– tuning in FF

1htt // l t f d d / l/il / d /L ti /

Mark Woodley, SLAC ATF2 Software Review Workshop (June 18, 2008) 14

1http://www.slac.stanford.edu/accel/ilc/codes/Lucretia/
2EXT dipoles BH1 and BH2 are assumed to have nonzero sextupole components



Simulation Procedure
1. apply errors

2. steer flat (EXT only)
3. launch into FF

– use pulse-to-pulse feedback correctors and BPMs
– BPMs are perfect

4. measure dispersion in diagnostic section
– scan input beam energy
– measure orbits
– fit position vs energy at each BPM … linear correlation is η
– back-propagate measured η to start of diagnostic section to get η0 and η′0

5. correct dispersion in diagnostic section
– use QF1X + QF6X multiknobs for ηx and η′x
– correct ηy using QS1X + QS2X “sum knob”

6. correct coupling6. correct coupling
– scan skew quadrupoles sequentially
– deduce projected εy from wire scanner measurements
– set each skew quad to minimize projected εy

Mark Woodley, SLAC ATF2 Software Review Workshop (June 18, 2008) 15

q p j y



horizontal orbit vertical orbit
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horizontal dispersion vertical dispersion
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Simulation Results: σy*
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seed # seed #

note: green lines show tracking for perfect machine (no errors, no corrections)



Simulation Results: εy
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steer/launch/dispersion steer/launch/dispersion/coupling

Simulation Results: σy*
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y y

note: green dashed lines show 90% limits (90% of seeds less than value at dashed line)



Simulation Results: εy
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Skew Quadrupole Currents
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Simulation Results: σy*
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Simulation Results: εy
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Skew Quadrupole Currents
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ConclusionsConclusions
• simulated system performance, for the given errors and diagnostic 

resolution, is adequate for the achievement of ATF2 goal “A” (37 nm 
IP σy)

• including vertical dispersion correction provides 5% improvement in 
IP σy (10% in εy), and can be achieved with two skew quadrupoles 
(near QD2X and QD5X) with maximum integrated strengths of ≈ 
0 02 T ( d t IDX k d t 1 )0.02 T (corresponds to an IDX skew quad at 1 amp)

• coupling correction provides 10% improvement in IP σy (15% in εy)

QK1X b it i i h ith ll i th i fl t th t• QK1X, because it is in phase with all errors in the inflector that 
cause coupling, requires up to 3 times the strength of an IDX skew 
quadrupole at 5 amps, at least in these simulations … a 20 amp 
(bipolar) power supply will provide plenty of overhead(bipolar) power supply will provide plenty of overhead

• coupling correction without QK2X and QK3X seems OK
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Continuing WorkContinuing Work
• correction of vertical dispersion from the inflector is done by runningcorrection of vertical dispersion from the inflector is done by running 

QS1X and QS2X in “sum mode” (both with the same strength), which 
generates dispersion but no coupling … running these skew 
quadrupoles in “difference mode” (opposite strengths) should generate 

li b t di i b th k d l icoupling but no dispersion; because these skew quadrupoles are in 
phase with the coupling errors in the inflector, perhaps this effect can 
be used to reduce the required strength of QK1-4X?

• the effects of finite wire scanner resolution on the tune-up scheme 
must be studied

• magnet strength errors BPM offsets and BPM rolls should be included• magnet strength errors, BPM offsets, and BPM rolls should be included

• it should be possible to correct the vertical dispersion by minimizing the 
projected vertical emittance, similar to scanning one of the coupling 

i k d l h h b h i h DRcorrection skew quadrupoles, rather than by changing the DR energy, 
measuring dispersion on BPMs, and back-propagating … these two 
methods should be compared

Mark Woodley, SLAC ATF2 Software Review Workshop (June 18, 2008) 27



QM7R ErrorsQM7R Errors
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Simulation Parameters
• use Lucretia1 simulation code

• included
– perfect beam from Damping Ring (εx=2×10-9 m, γεy=3×10-8 m) …  

errors begin after extraction septa, unless otherwise noted
– perfect Final Focus
– dipole errors2: ΔY = 100 μm (rms)
– quadrupole errors: ΔX = 50 μm, ΔY = 30 μm, Δθ = 0.3 mrad (rms)
– sextupole errors: ΔX = 50 μm, ΔY = 30 μm, Δθ = 0.3 mrad (rms)

BPM resolution: 5 μm (rms)– BPM resolution: 5 μm (rms)
– 20% gradient reduction in QM7R (1D fit to POISSON)
– sextupole component in QM7R K2L = 44.179 m-2 (1D fit to POISSON)

• not included• not included
– wire scanner rolls: │θ│ ≤ 0.2° (uniform)
– wire scanner beam size errors: σ = σ0(1+Δσrelative)+Δσabsolute
– quadrupole strength errors (ΔK/K)quadrupole strength errors (ΔK/K)
– BPM offsets
– BPM rolls
– tuning in FF

Mark Woodley, SLAC ATF2 Software Review Workshop (June 18, 2008) 29



Simulation Procedure
1. apply errors … scan QM7R vertical offset from -1 mm to +1 mm

2. steer flat (EXT only)
3. launch into FF

– use pulse-to-pulse feedback correctors and BPMs
– BPMs are perfect

4. measure dispersion in diagnostic section
– scan input beam energy
– measure orbits
– fit position vs energy at each BPM … linear correlation is η
– back-propagate measured η to start of diagnostic section to get η0 and η′0

5. correct dispersion in diagnostic section
– use QF1X + QF6X multiknobs for ηx and η′x
– correct ηy using QS1X + QS2X “sum knob”

6. correct coupling6. correct coupling
– scan skew quadrupoles sequentially
– deduce projected εy from wire scanner measurements
– set each skew quad to minimize projected εy

Mark Woodley, SLAC ATF2 Software Review Workshop (June 18, 2008) 30
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QM7R: K2L
QM7R: no errors QM7R: K2L error
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QM7R: no errors QM7R: ΔK1 & K2L errors

QM7R: ΔK1 & K2L
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QM7R OffsetQM7R Offset
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QM7R: ΔK1 & K2L; scan Y-offset; full tuning
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QM7R: ΔK1 & K2L; scan Y-offset; full tuning

4
QM7R: dY = 0 (BPMrms = 0.730 mm; WSmin,max = -3.438,3.752 mm)

3
EtaPY (mrad) vs EtaY (mm) @ MQF9X

 
QM7R: dY = 0
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Conclusions
• given simple 1D fits to POISSON predictions for ΔK1 and 

K2L in QM7R, standard EXT tuning works when the 2 , g
beam passes through QM7R on the magnetic midplane

• however, standard EXT tuning does not work when the 
b th h QM7R ff th ti id lbeam passes through QM7R off the magnetic midplane 
vertically 

• the problem appears to be a net shift in η ′ which is not• the problem appears to be a net shift in ηy which is not 
corrected by the QS1X-QS2X “sum knob” when ηy is 
corrected … it’s still unclear exactly why this is true

• QK4X seems to be in phase with the coupling caused by 
QM7R under these conditions (note: using 4 skew quads 
for coupling correction makes things worse!)for coupling correction makes things worse!)

• at this point it’s unknown if Glen’s FF tuning process can 
deal with the incoming ηy under these conditions
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Continuing WorkContinuing Work
• understand why η correction breaks down• understand why ηy correction breaks down

• can we use QS1X and QS2X independently to correct 
both η and η ′ simultaneously? if so how strong do theyboth ηy and ηy simultaneously? if so, how strong do they 
get? how will this affect the coupling correction?

• verify that the blowup in σ * and ε are due to• verify that the blowup in σy  and εy are due to 
uncorrected ηy / ηy′

try to rematch EXT optics for QM7R dK1• try to rematch EXT optics for QM7R dK1

• and …

• and …
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