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Overview

0 Porting smulation developed for ILC alignment and
tuning, first look at simulation of ATF2 tuning
performance.

O Assuming set of initial starting errors, take 100 seeds
of Woodley-tuned v3.6 lattice (dispersion and
coupling fixed in diagnostic section).
= Add FF errors.

= Apply BPM aignment, BBA and sextupole tuning knobs
for each of 100 seeds.

O Here, smulation is static- next step isto add
dynamm Imperfection to tuning (Ground Motion,

component + incoming beam jitter, magnet and
BPM drifts etc.).

O Lucretiaused for ssmulations.
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" ATF2Final Focus System

Tune FFS:

22 Quads, 5 Sexts.

Optics v3.5, 1 July 2006

N

reduction of dispersion

Dvawing BLArak: Modily by Jly 2006

final focus

53000

o

2 n g

am dump
| &
- Shirttake Monitor
Em x Bm
o)
v
2
Fum Fom

= BETE TP Beamin

LASERWIRE
Emx Bm
°

b =4
Fr-f s .

ATy
'Nl |er fha r'el
Laser Wire ”‘ 4 |

Klvslron Modu lator

@
T14MHe RF source

12-Jan-07

E — — ; - ; ’L‘T‘_-
. [ | | . ! .
Clams Moo [=i] } | - | Damped uavlty Higgle;.nagnul e
o._-9-_-8-_1® ‘L_OL_UL_._JoJ.-~ T e i ey o B
RF Gll’; Tt ; /
onn= I . o e | 1 1 1 | / I | I /

High Energy Accelerators Research Organization (KEK)

\S-band Linac

Glen White 3



L

INTERNATIONAL LINEAR COLLIDER

12-Jan-07

Initial Dispersion and Coupling
swpyeros — (Correction (MW)

steer flat (EXT only)
launch into FF

— use 2 virtual correctors
— steer to 2 virtual BPMs (one at the IP and one 90° upstream)
— virtual BPMs are perfect

measure dispersion in diagnostic section

— scan input beam energy

— measure orbits

— fit position vs energy at each BPM ... linear correlation is n

— back-propagate measured n to start of diagnostic section to get n, and n’,

correct dispersion in diagnostic section

— use QF1X + QF6X multiknobs for n, and n’,
— correct n, using skew quads in inflector (thin lenses at quad centers)

correct coupling

— scan 4 skew quadrupoles sequentially
— deduce projected g, from wire scanner measurements
— set each skew quad to minimize projected €,
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Initial Beam Before Errors

36.6 + 0.9
42
40 + 4 15
€ + f Median = 37.8 nm
£ 38 + + 4+ :
e R U . S
(e o +
36 [ g e AT
+ ‘tﬁr +ﬁ+ f: +++ 4:FF+
34
0 50 100 42
(5:, (nm)
31.2+ 0.5
33 20
+ t T
+ + T 15
E 32 J; +
< + P 10
~ -
& bt #ﬁp et A
5 1t H
Hﬁ%ﬂ%ﬂ*ﬁﬁﬂ*i TR 5 0
35 40 45
30 0 iti i ist Si
0 50 100 30 31 32 33 Initial Vertical IP Waist Size / nm

ve, (nm)

O Initia set-up of MW ATF2 lattice with dispersion + coupling correction in
diagnostic session gives | P sizes shown on |eft.

O  Right plot after importing lattice into my simulation (using slice beam
representation for simulation speed initially). Results relative to these starting
conditions.
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|P Beamsize M easurement

Assume | P assembly of cavity BPM + shintake
monitor for |P walst position + vertical size
measurements.

Shintake monitor measurement range 35nm —
350nm.

Also assume presence of wirescanner for >1 micron
waist sizes.

Between 350nm and ~1um, proposal from Honda:
use novel nano-pattern target film.

S0, assume a beamsize measurement all the way
from initial few microns to target 35nm to tune on.
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Initial Error Parameters

O Assume moverson al Quad, Sext x/y transverse | 50 um
FF quadrupoles and dlonment
Quad, Sext roll alignment 300 urad
sextupoles.
. . Initial BPM -magnet field 30um
0 Cavity BPMsfixedto | center alignment
al FF Quads + Sexts, dB/B for Quad, Sexts le-3syst. + le-
4 random
O Also assume P BPM Mover resolution (x & Y) 50 nm
Wlth 5nm RMS BPM resolutions 100 nm
resolution.
Power supply resolution 14 - bit
Shintake Monitor 2nm
Resolution
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Switch off Sextupoles.

Perform initial BBA using Quad movers + BPMsto
get orbit -> |P.

Quadrupole BPM alignment (quad-shunting).
Perform Quadrupole BBA. [See ILC talk for detailg]

Align Sextupole BPMs (move through beam +
downstream BPM fits).

Activate sextupole magnets.

Apply sextupole multiknobs to tune out |P
aberrations.
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NNNNNNNNNNNNNNNNNNNN Quadrupc)le BPM A|ignmer]t

0 Nulling Quad Shunting technique:

0 To get BPM-Quad offsets, use up to downstream 5
BPMs for each Quad being aligned (include IP bpm
for last few quads).

0 Quad dK 100-80 %, use change in downstream BPM
readouts to get Quad offset.

0 Move Quad and repeat until detect zero-crossing.

0 For offset measurement, use weighted-fit to
downstream BPM readings based on model transfer
fUNCLIONS.  Xqua = Ao /(AR (LD * R(LD) + AR, (2)* R(1.2))
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RMS BPM - Quad Misalignment

Quad BPM Alignment
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0 RMSalignment of Quad field center —
electrical center of Quad BPMs (100 seeds).
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Sextupole BPM Alignment

O Move Sextupole +/- 0.5mm through beam.
O Fit quadratic function to |P BPM response.
O
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Alignment from minimum of fit.
RMS alignment results below:
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Quadrupole floor positions post BBA (mean and
RMS from 100 seeds).
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NNNNNNNNNNNNNNNNNNNN BeamSI Ze After BBA

IP Vertical Waist Size / um

O |Pwalst size after BPM alignment and BBA.
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NNNNNNNNNNNNNNNNNNNNN SeXtupOl e I\/I ul tl -K nObS

0 Use orthogonalised x- and y-moves of FFS
sextupoles to correct vertical waist and
dispersion + <x’y> coupling term.

0 Additionally use orthogonal moves of skew
guads to tune <xy>.

0 Higher-order | P aberration tuning performed
Dy scanning sextupole tilts + strengths.

0 Insimulation, apply iteratively until beamsize
within 10% of initial pre-error value.
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Linear Sextupole Multi-Knobs

SF5 SD4 SF1 SDO
Y Waist |-047(x)| 1(x) | -0.2(x)
Y Disp. -0.68(y) | -1(y)
<X'y> 1(y) | -0.99(y)
QK1X |QK2X | QK3X | QK4X
<Xy> -0.92 | 0.21 0.20 1




NNNNNNNNNNNNNNNNNNNN Fl nal Ske\/V Quad Strengths
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0 Fina strengths of 4 skew quads after tuning (T).
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0 Multi-knobs iteratively applied until 1P beamsize
growth over initial conditions is <10% (~40nm).
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Summary

o Median Convergence time ~ 30 iterations.

= Assuming 1 min per | P spot-size measurement
(90 bunches @ 1.5Hz), 10 scan points per knob
Iteration and 1 cycle through Sext tilt/dB scans:

= |f completely automated, tuning would take ~ 7
Hours.

0 Need to add Ground Motion, component
Jitter, Incoming beam orbit + energy jitter,
BPM scale and magnet strength drifts...
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