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Main Beam Emittance Budgets and Luminosity

e For the vertical emittance a budget has been established

- €, < 5nm after damping ring extraction
- Ae, < 5nm during transport to main linac
- Ae, < 10nm in main linac

e For the horizontal emittance the old design gave

- €; = 500 nm after damping ring extraction
- €, = 600 nm before main linac
- €, = 660 nm before the beam delivery system with the growth mainly in the RTML

e The emittance budget

- includes design, static and dynamic effects
- requires 90% of the machines to perform better than the target

e For the main linac one requires

- for static imperfections Ae, < 5nm for 90% of the machines

- for dynamic imperfections Ae, < 5nm on average

e short and long-term effects



Module Layout
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e Five types of main linac modules

e Drive beam module is regular




Lattice Design Considerations

e Linac lattice is a trade-off

e strong focusing e weak focusing
- small sensitivity to wakefields - high sensitivity to wakefields
- dispersive effects important - dispersive effects smaller
e large correlated energy spread e small correlated energy spread
- beam is more stable - beam is less stable
- dispersive effects are increased - dispersive effects are reduced

e First need to consider beam stability

= look at allowed energy spread



Lattice Design

e Used 5 x VE, A® = const

- balances wakes and disper-
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e Total length about 21km energy bandwidth

- fill factor more than 78%



Energy Spread and Beam Stability

e [rade-off in fixed lattice

- large energy spread is more
stable

- small energy spread is bet-
ter for alignment

— Beam with NV = 3.7 x 10? can
be stable
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e Some reserve for single bunch
wakefields
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Indicative Static Main Linac Tolerances

Element error | with respect to tolerance
CLIC NLC
Structure offset beam 5.8 pm 5.0 pm
Structure tilt beam 220 pradian | 135 pradian
Quadrupole | offset straight line — —
Quadrupole roll axis 240 pm | 280 pradian
BPM offset straight line 0.44 pym 1.3 ym
BPM resolution | BPM center 0.44 pm 1.3 pm

e All tolerances for Inm growth after simple one-to-one steering

- note: assume quadrupoles are moved for correction
e CLIC emittance budget is two times smaller than for NLC

e Tighter tolerances for BPM due to stronger focusing in CLIC

- but therefore more relaxed tolerances for structures
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Misalignment errors, last update: 03.09.2009
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reference line = straight line defined by wires
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o1l and o2 = alignment of the BPM/Q fiducialisation point wrto the BPM and Q support reference point
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reference line

.
63:

if {II I ]

fiducialisation points

a3 = relative alignment of the BPM and Q
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beam line

o4 = distance between ACS axis and girder axis line
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\ Articulation point

o5 = distance between the articulation point and the reference line
a6 = distance between the articulation point and girder axis line
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Wake monitor center
Real center
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o7 = distance between ACS axis and WFM measurement




Alignment Performance

imperfection with respect to | symbol value
BPM fiducialisation point | wire reference o0 10 pm
BPM fiducialisation BPM centre o1 5 pum
BPM resolution Ores 0.1 ym
quad fiducialisation point wire reference o 10 ym
quad fiducialisation quad centre 09 10 pm
BPM quad centre o3 10 ym
accelerating structure offset girder axis o 10 ym
accelerating structure tilt girder axis o; | 200 pradian
articulation point offset wire reference o 10 pm
girder end point articulation point | o 5pum
wake monitor structure centre o7 5pum
quadrupole roll longitudinal axis o, | 100 yradian




Older Assumed Survey Performance

Element error with respect to alignment
NLC CLIC
Structure offset girder 25 pm 5 pum
Structure tilts girder 33 pradian | 200(x) pm
Girder offset survey line 50 pm 9.4 pm
Girder tilt survey line 15 pradian | 9.4 pradian
Quadrupole offset survey line 50 pm 17 pm
Quadrupole roll survey line 300 pradian | < 100 pradian
BPM offset | quadrupole/survey line| 100 um 14 pm
BPM resolution BPM center 0.3 pum 0.1(0.05) pm
Wakefield mon. | offset wake center b pm b pm

e In NLC quadrupoles contained the BPMs, they are seperate for us
= Better alignment and BPM resolution foreseen in CLIC (0.1 ym for alignment)
=> Similar wakefield monitor performance

e Structure tilt is dominated by shift of quadrants effective tilt is given by shift as § ~ Az/(2a)

in our case Az = 1 um corresponds to 6 ~ 180 pradian



Beam-Based Alignment and Tuning Strategy

e Make beam pass linac

- one-to-one correction

e Remove dispersion, align BPMs and quadrupoles

- dispersion free steering
- ballistic alignment
- kick minimisation
e Remove wakefield effects
- accelerating structure alignment

- emittance tuning bumps

- Tune luminosity

- tuning knobs



Dispersion Free Correction

e Basic idea: use different beam energies 40 :
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= probe beam bunch length ~ 70 um

e Optimise trajectories for different energies together:

m
S = 21 (’%(%1)2 + .22 w; (251 — ilfz‘,j)2> + 3 wi(er)’
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e Last term is omitted

e Idea is to mimic energy differences that exist in the bunch with different beams

e For stability want to use two parts of one pulse



Impact of Structure Alignment

e Slightly older parameters for
illustration

= Average emittance growth is
still quite large

e Aligning the accelerating
structures with RMS accu-
racy of 5um to the beam
drastically ~ improves  the

performance

= Need to move girders
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Beam-Based Structure Alignment

e Each structure is equipped with a wakefield
monitor (RMS position error 5 pum)

e Up to eight structures on one movable girders
= Align structures to the beam

e Assume identical wake fields

- the mean structure to wakefield monitor off-
set is most important

- in upper figure monitors are perfect, mean
offset structure to beam is zero after align-
ment

- scatter around mean does not matter a lot
e With scattered monitors
- final mean offset is g, /+/1

e In the current simulation each structure is
moved independently

e A study has been performed to move the artic-
ulation points

= negligible additional effect if additional ar-
ticulation point exists at quadrupoles
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e For our tolerance o, = 5 pum we find A¢, =~
0.5nm

- some dependence on alignment method



Final Emittance Growth

e Different implementations of
DFS have different sensitivi-
ties to imperfections

- values for examples (M1-
M4) in nm

- based on PLACET simula-

tions

- simplified model for vary-
ing bunch compressor

e Case M2 shown in figure
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Emittance Tuning Bumps

e Emittance (or luminosity) tun-
ing bumps can further improve

performance
- gobally correct wakefield — /-
by moving some structures / / /
- similar procedure for dis-
persion

e Need to monitor beam size

e Optimisation procedure

- measure beam size for dif-
ferent bump seetings

- make a fit to determine op-

timum setting

- apply optimum — /- / ——— S E—

- iterate on next bump



Luminosity Simulator

e Conventionally use laser wire that is smaller than the beam size

- scan beam
- fit relevant size

e Proposed use of luminosity simulator

- laser wire can have roughly Gaussian transverse profile

- collide beam with laser beam that has transverse dimension corresponding roughly to the
target beam size

- optimise beam-photon luminosity

e P. Eliasson has demonstrated this with simulations

using two wires at 90° phase advance

3% RMS luminosity error per measurement

incorrect laser spot size does not compromise performance strongly

need to steer beam with BPM

need to optimise beam position in the BPM once in a while

e Further studies to optimise the design



Structure-To-Girder Tolerance

e [he mean offset of the structures to the beam is corrected

- this corrects almost all effects due to identical wakefields
= a limit will come from non-identical wakefields
- some impact on the alignment procedure can exist
e Single bunch wakefield limit
- assume relative slope of wakefields scatters by o,
= alignment tolerance is 0qp girder = Owm/0w = 5 pm/oy,
e Multi-bunch wakefield limits

- additional kicks for identical wakes aligned with single bunch wakes

= found to give little effect

- non-identical wakefields or identical wakefields not aligned with single bunch wakes

=> can give an effect



Conclusion

e CLIC main linac lattice has been changed for latest CLIC parameters
e Detailed model of local initial misalignment is being developed and formally specified

e Sequence of one-to-one steering, dispersion free steeering and structure alignment is reference
alignment method

e Emittance preservation seems acceptable
e Further improvement possible through tuning bumps

e Errors of wire system will be discussed next



