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Low Emittance Transport Challenges

e Main linac is one of the most important sources of emittance growth

e Static imperfections

errors of reference line, elements to reference line, elements. ..

excellent pre-alignment, lattice design, beam-based alignment, beam-based tuning

e Dynamic imperfections

element jitter, RF jitter, ground motion, beam jitter, electronic noise,. ..

lattice design, BNS damping, component stabilisation, feedback, re-tuning, re-alignment

e Combination of dynamic and static imperfections can be severe

e Lattice design needs to balance dynamic and static effects
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Emittance Budget

e CLIC

- the initial emittance has to stay below ¢, = 600 nm and ¢, = 10 nm

- for static imperfections an emittance budget of Ae, = 30nm and Ae, = 5nm exists,
which 90% of the machines have to meet

- for dynamic imperfections an emittance budget of Ae, = 30 nm and A¢, = 5nm exists

o ILC

- the initial emittances have to stay below ¢, = 8400nm and ¢, = 24 nm
- the final emittances have to stay belowe, = 9400 nm and ¢, = 34nm

e We will limit our discussion to the vertical plane
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Imperfections

e Pre-Alignment imperfections can be roughly categorised into short-distance and long-
distance errors

e To first order, the imperfections can be treated as independent

- as long as a linear main linac model is sufficient

e The short-distance misalignments give largest emittance contribution

- misalignment of elements is largely independent
- simulated by scattering elements around a straight line

- or slightly more complex local model

e The long-distance misalignments are dominated by reference line system, e.g. the wire
or laser tracking system

= ignore short-distance misalignments and simulate wire errors only

e Combined studies are mainly for completeness
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Example: Residual Alignment Errors due to Pre-Alignment System
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Wire System for CLIC

Metrological plates on
which sensors are installed

Component to align

e Reference method for CLIC

- has been used in the LHC insertions

e A system of overlapping wires that form
straight lines

e Alternative is optical measurements
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Misalignment errors, last update: 03.09.2009

r

Module

Module

Module

reference line = straight line defined by wires
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o3 = relative alignment of the BPM and Q
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Algrirmerit Mmodadel (COrIL)

reference line

_%l_l:’EQJ;LE =l

beam line

o4 = distance between ACS axis and girder axis line

reference line

|

.lDEEIDDIDDEDEDEfDL |BL |uL lug___ﬂ_

\ 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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Allgnment ivioael (COrit)

reference line

{.I_D_ngﬁgf_ggggmmﬁ,g o A

Wake monitor center

a7} Real center
__beamine
¢7 = distance between ACS axis and WFM measurement
imperfection with respect to | symbol | target value
BPM offset wire reference | ogpu 14 yum
BPM resolution Ores 0.1 um
accelerating structure offset girder axis 04 10 um
accelerating structure tilt girder axis o 200 pradian
articulation point offset wire reference o 12 ym
girder end point articulation point | oy Sy
wake monitor structure centre o7 S pm
quadrupole roll longitudinal axis o 100 pradian
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Assumed Survey Performance

Element error with respect to alignment
ILC CLIC
Structure offset girder 300 pm 10 pm
Structure tilts girder 300 pradian | - 200(%) pm
Girder offset survey line 200 pm 9.4 ym
Girder tilt survey line 20 pradian | 9.4 pradian
Quadrupole offset | girder/survey line | 300 um 17 pm
Quadrupole roll survey line 300 puradian | < 100 pyradian
BPM offset | girder/survey line | 300 um 14 pm
BPM resolution BPM center ~ 1 pum 0.1 gm
Wakefield mon. | offset wake center — 5 pm

e In ILC specifications have much larger values than in CLIC

- more difficult alignment in super-conducting environment

- dedicated effort for CLIC needed

e Wakefield monitors are currently only foreseen in CLIC

- but could be an option also in ILC
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Impact on the Beam
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Misalignment and Wakefields

e We use a two particle model to determine the trajectory change of the second particle
for a structure with length L with an offset 6 and wakefield W, (z)

- particles have same energy for simplicity
- charge of driving particle is Ne, second particle is a distance z behind

e The Kkick of one structure is W NI
Ay = L(Zé ¢ )

e We calculate the kick in normalised phase space
W, (2)Ne*L
Ayl = By L 1)5 )
e Summing over many elements gives the final normalised positions

. 27 .
yn = gsin(qbf — ;) @WL(Z)NQ LZ&'

Y mc?

@WJ_(Z)N@QLZ'
2

0;

Yn = ;COS(% — ¢i)

Vi mc
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Misalignment and Wakefields Il

e Using
BiW . (z)Ne’L,

Yn = ZSln(¢f — ¢i) T me 0;
52 W ( )N€2Li
Wy = Xeon(gy = 6i), oS

= a very bad case is ¢; = dsin(¢p; — ¢;), €
52 WJ_( )N€2LZ’

yn = ZSIH (9f — &i) " me 0
W, (2)Ne*L;
Yy = ZCOS(¢f — ¢;)sin(opr — @) i L(nic; %)

= for independent ¢; with RMS expectation value o
Bl W_]_(Z)N@ZLZ' 9

() = sint(sy = ) (HE 2 o
(1) = S os <¢f—¢@>@ WAL
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Emittance Growth

e The impact on the emittance is
Ae, o< (Ay')?

Hence

<A€y> = Zazﬁl (

i

WL<Z)N€2L : 9
mc2 o

e The emittance growth per energy gain/unit length is

5 WL(Z)NGZO_)Q I

A =
eyocfy( 2
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Reminder: Kick and Emittance Growth

12 1

Yrew =5 (=0 +0) + (' +6)?)

1
= Y =5 (U7 = 20/0 +0%) + (y* + 240 + %))

= Ynew = Y+

Calulating the emittance (no correlation)

e:\/<y2 >< y? >
we find

Enew = \/05(05, + §2)

Encw _ J 02(0% + 6?)

2
€old aﬁay/
2 2
€new (Oy/ +0 )
o 2
€old O'y/
2
o 1, 10
€old 2 0'2/

Y

1 0.5 0 0.5 1
y

Note: after filamentation (or if  results from
many kicks at different phases)

1 1
ygew — y/2 + 262 yTQLew — y2 + 252

Hence

€ 162
new _ 1+ —
€old 20%

y
A€ o §°
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Misalignment and Spurious Dispersion

e We use a two particle model to determine the trajectory change of the second particle
with respect to the first

- Note: In this case both particles are kicked, but since we look at the static effect we
can remove the average kick

- by the way the same is true for the wakefield kick

e A particle at nominal energy is kicked by

Yq

Ay = =1

o
a particle with a different energy £ = FE,,,,(1 + 9) is kicked as

/ Yq

A pu—
N H 1+ 9)
the difference is
Ay; — Ay~ —245

f
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Impact of Element Offset (ILC)

e Consider case with no correction

Error with respect to value Arvye, [nm]
Cavity offset module 300 pm 3.5
Cauvity tilt module 300 pradian 2600
BPM offset module 300 pm 0

Quadrupole offset module 300 um 700000
Quadrupole roll module 300 pradian 2.2

Module offset perfect line 200 pm 250000
Module tilt perfect line | 20 uradian 830

= Need to do much better

= Will align with the beam
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Beam-Based Tuning
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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 residual dispersive and wakefield effects
- accelerating structure alignment (CLIC only)

- emittance tuning bumps

- Tune luminosity

- tuning knobs

D. Schulte, 9th Linear Collider School 2015, Main Linac A1-2 18



BPM Readings in One-To-One Correction (CLIC)

e Beam position in BPMs
before and after one-to-
one correction shown

- after corrections no off-
sets remain

e Real position of beam
shown in lower plot

- BPMs are misaligned

1500 . . .
Nno Cofrr.
1000 simple corr. i
i R
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1500 i ' ' '
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e Beam position in BPMs
before and after one-to-
one correction shown

- after corrections no off-
sets remain

e Real position of beam
shown in lower plot

- BPMs are misaligned
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e Initial emittance growth is
enormous

e After one-to-one correc-
tion growth is still large

Emittance Growth

Ae, [nm]

Ae, [nm]
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Comparison Before and After One-To-One (ILC)

e The huge impact of the quadrupoles is mitigated using one-to-one alignment

- each corrector is used to centre the beam in the next BPM downstream

= The problem of the quadrupoles is solved but now we have a BPM problem

Error with respect to value Avye, [nm] | Avyey 191 [nM]

Cavity offset module 300 pm 3.5 0.2

Cavity tilt module 300 pradian 2600 < 0.1
BPM offset module 300 pm 0 360
Quadrupole offset module 300 pm 700000 0
Quadrupole roll module 300 pradian 2.2 2.2
Module offset perfect line 200 pm 250000 155
Module tilt perfect line | 20 uradian 880 1.7
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Static Tolerances and Accuracies for One-To-One Correction

Element error | with respect to tolerance
CLIC ILC
Structure offset beam 5.8 um ~ 700 pm
Structure tilt beam 220 pradian | ~ 1000 pradian
Quadrupole | offset straight line — —
Quadrupole roll axis 240 pradian | 190 pradian
BPM offset straight line 0.44 pm 15 pm
BPM resolution | BPM center 0.44 pm 15 pm
Element error with respect to alignment
ILC CLIC
Structure offset girder 300 pm 10 pm
Structure tilts girder 300 pradian | 200(%) pm
Girder offset survey line 200 pum 9.4 pm
Girder tilt survey line 20 pradian | 9.4 pradian
Quadrupole offset | girder/survey line | 300 um 17 um
Quadrupole roll survey line 300 pradian | < 100 pradian
BPM offset | girder/survey line| 300 um 14 pm
BPM resolution BPM center ~ 1 pum 0.1 pm
Wakefield mon. | offset wake center — 5 pm
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Dispersion Free Correction

¢ Basic idea: use different beam energies

e NLC: switch on/off different accelerating
structures

e CLIC (ILC): accelerate beams with differ-
ent gradient and initial energy

y [um]

- try to do this in a single pulse (time res- 40

olution) 100 120 140 160 180 200
BPM number

e Optimise trajectories for different energies together:
n m l
S=3 (’wi(fﬂz‘,l)Q 2 wij(Tia — flii,j)z) + X wh(cr)?
1= J]= =

e Last term is omitted

¢ Idea is to mimic energy differences that exist in the bunch with different beams
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Simple DFS Example

e We minimise

e BPM in the centre is misaligned by vy (c — yo) +w ( AEE)
- first _correqtpr moves beam by ¢ = Lo which yields
in this position
, 0 AE
- second (—26) and third (§) correctors 0 = aC(C—yo) +w< 5 ) (1)
remove oscillation yo
c = 2)
1+ w

AN
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Dispersion Free Correction BPM Readings

e In the one-to-one cor-
rected machine an off-
energy beam takes a very
different trajectory

- this dispersion is visi-
ble in the BPMs and
is a cause of emittance
growth

e After DFS the trajectories
of different energy beams
are very similar

- smoother
found

trajectory

200 . . : :
nom. beam +
150 <
100
= 50
=
- 0
-50
-100
-150
0 500 1000 1500 2000
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30 T T T T
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R AR Eem ok
_ 10 SR
&
=
>
-10 ,
¥
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Dispersion Free Correction BPM Readings

e In the one-to-one cor-
rected machine an off-
energy beam takes a very
different trajectory

- this dispersion is visi-
ble in the BPMs and
is a cause of emittance
growth

e After DFS the trajectories
of different energy beams
are very similar

- smoother
found

trajectory

y [um]

y [um]

30 T T T T T T
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20 b <\ . testbeam < |
AN NN - |
AN I | /’ | | . y )%
ob /I | / Y A
-1 O ‘ 4 X \/ \\\ 1
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20 Y
X
_30 1 1 1 1 1 1
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BPM #
20 T T T T T T
nom. beam ——+—
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10 / _
v y
S / |
O X7 —%
-5 " ‘
10 ' ' . . . .
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Dispersion Free Correction Emittance

e The emittance growth is
largely reduced by DFS

- but still too large

e Main cause of emittance
growth

- trajectory is smooth but
not well centred in the
structures

- effective coherent
structure offset

- structure initial scatter
remains uncorrected

Ae, [nm]

Ae, [nm]

800
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40
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500
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Emittance Growth (ILC)

Error with respect to value Avye, [nm] | Avye, 191 [nM] | Avye, g [NM]
Cavity offset module 300 pm 3.5 0.2 0.2(0.2)
Cavity filt module 300 pradian | 2600 <0.1 1.8(8)
BPM offset module 300 pm 0 360 4(2)

Quadrupole offset module 300 pm 700000 0 0(0)
Quadrupole roll module 300 pradian 2.2 2.2 2.2(2.2)
Module offset perfect line 200 pm 250000 155 2(1.2)

Module tilt perfect line | 20 pradian 880 1.7 —

e The results of the reference DFS method is quoted, results of a different implementation
in brackets

e Note in the simulations the correction the quadrupoles had been shifted, other wise
some residual effect of the quadrupole misalignment would exist
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Beam-Based Structure Alignment (CLIC only)

e Each structure is equipped with a wake-
field monitor (RMS position error 5 um)

e Up to eight structures on one movable

girders
= Align structures to the beam I

e Assume identical wake fields

- the mean structure to wakefield moni- /- /- /- /-

tor offset is most important

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

- scatter around mean does not matter a

lot
e With scattered monitors —_— /- - 7~
- final mean offset is o, /\/n
e In the current simulation each structure is e For our tolerance o,, = 5um we find
moved independently Ae, ~ 0.5nm
e A study has been performed to move the -some dependence on alignment

articulation points method



Structure Alignment

e Beam trajectory is hardly
changed Dby structure
alignment

- beam is re-steered into
BPMs

e But emittance growth is
strongly reduced

y [um]

0 500 1000 1500 2000
BPM #

Ae, [nm]

Ae, [nm]

70
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50
40
30
20
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1000
BPM #
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1500
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Final Emittance Growth (CLIC)

imperfection with respect to | symbol value emitt. growth

BPM offset wire reference | oppy 14 ym 0.367 nm
BPM resolution O res 0.1 um 0.04 nm
accelerating structure offset girder axis 04 10 um 0.03 nm
accelerating structure tilt girder axis o 200 pradian 0.38 nm
articulation point offset wire reference ogs 12 ym 0.1nm
girder end point articulation point| oy S pum 0.02nm
wake monitor structure centre o S pm 0.54 nm

quadrupole roll longitudinal axis o 100 pradian | = 0.12nm

e Selected a good DFS im-
plementation

- trade-offs are possible

e Multi-bunch wakefield mis-
alignments of 10 um lead to
Ae, ~ 0.13nm

e Performance of local pre-
alignment is acceptable

100

80

60

40

p(ey>¢, o) [%]

no bumps ———
1 bump
3 bumps -
5bumps o
7 bumps

16 18

20



Growth Along Main Linac

e Emittance growth along
the main linac due to the
different imperfections

e Growth is mainly constant
per cell

- follows from first princi-
ples applied during lat-
tice design

e Exception is structure tilt

- due to uncorrelated en-
ergy spread

- flexible weight to be in-
vestigated

e Some difference for BPMs

- due to secondary emit-
tance growth

Ae, [nm]

0.6

0.5

0.4

0.3

0.2 |

0.1

bpm
res
real x
cav D
tilt
art.
interc. .

500 1000 1500 2000
quadrupole #
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Does it Work?

@  CLIC Beam-Based Alignment Tests at FACET @

Dispersion-free Steering (DFS) proof of principle — March 2013 A. Latina,

J. Pfingstner,
E. Adli,

D. Schulte

Timestamp: 20130313_013214

| DFS correction applied to 500 meters of the SLC linac
* SysID algorithms for model reconstruction
| DFS correction with GUI

c
o —Xnnrm -
2 —wn |1 *  Emittance growth
3 : e is measured 200 -
.<£ @1 = norm 150 L
) : . L
= L Graphic User Interface; '
0 02 o 1 SRSV RS : 50 -
— i
o Y D S S .
0 ; ! \
1 2 3 4 5 7 ‘ +
iteration -50
100 i
Ml — } { -100 |
" fgn‘lmﬂmmﬂiwem::wwwuwwumnw: @{ 200

Emittance
emittance [107 m;

sysP

Incoming oscillation/
dispersion is taken out and
flattened; emittance in LI11
and emittance growth
significantly reduced.

Before correction After 1 iteration After 3 iterations
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Emittance Tuning Bumps

e Emittance (or luminosity)
tuning bumps can further
improve performance

- globally correct wake-
field by moving some
structures

- similar procedure for
dispersion

e Need to monitor beam size

e Optimisation procedure

- measure beam size for
different bump settings

- make a fit to determine
optimum setting

- apply optimum

- iterate on next bump

—rrrr




Tuning Bumps (ILC)

e The emittance growth after
dispersion steering is still

after the main linac, i.e.
with a laser wire

30t Y :
20

100" | | | " 140-1+DFS—
too large 90r L:E HLLH 1-to-1 + DES + dispersion bumps
f th r .m rovem nt _ i _'g_ 1, 1-to-1 + DFS + dispersion & wakefield bumps ----=-=----- =
= 1urtnhe Improveme S 80 L
needed FEL B
e Possible solution are emit- 5w @ '
tance tuning bumps 3 20
_ = 40f % i
- measure the beam size s u
=
=
=
=

1
- modify the beam dis- 0 L e . s " .
persion at the begin- T
ning and end of the Agy [nm]
main linac to minimise
beam size P. Eliasson et al.
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Remark: Dependence on Weights (Old CLIC Parameters)

e For TRC parameters set

e One test beam is used
with a different gradient
and a different incoming
beam energy

= BPM position errors are
less important at large w;

= BPM resolution is less im-
portant at small w;,

= Need to find a compromise

= Cannot give “the” toler-
ance for one error source

Ae, [nm]

0.1}

0.01

GBPM—1O“m s

=0. 1um e
res =10um - . :
;93\, YOOurad P |

7*‘77 4‘> T

1000

10000 100000 1e+06
W4
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e Beam-line is divided into
bins (12 quadrupoles)

e Quadrupoles in a bin are
switched off

e Beam is steered into last
BPM of bin

e BPMs are realigned to
beam

e Quadrupoles are switched
on

e Few-to-few steering is
used

quads effectively
aligned to ballistic
reference

angle = o

with BPM noise

=

Ballistic Alignment

y [um]

e Typical problems are residual fields
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Kick Minimisation

e First align BPMs to quadrupoles
- shunt quadrupole field

- observe beam motion
- move quadrupole/beam to a position that shunting does not kick beam any more
- beam now defines BPM target reading in quadrupole

e Now minimise target function
S = f:(clz + wz?)
1=1

e Main problem shift of quadrupole centre with strength
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Misalignment of BPM to Quadrupole due to Centre Motion

Initial deflection
x, = Ky
deflection for shunted quadrupole
) = (K + AK)(zg +9)

beam does not move if

LTy = Iq
hence
Kzxg= (K 4+ AK)(zo+9)
N 5K+AK
Ty = —
! K
= As long as AK is small and § ~ aAK/K
o~ —a
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Long Distance Alignment

¢ In most simulations elements are scattered around a straight line

e In reality, the relative misalignments of different elements depends on their distance

e To be able to simulate this, our simulation code can read misalignments from a file
- simulation of pre-alignment is required

¢ To illustrate long-wavelength misalignments, simulations have been performed

- cosine like misalignment used
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tolerance for Ag =1nm [lum]

Long Wavelength Tolerance | (Old CLIC)

T e
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10000
1000
100

L ’57!7 1 ‘_l‘ J
=Tl A H b ¥ ‘ Hl ‘ I l J
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tolerance for Ag =1nm [lum]

Long

Wavelength Tolerance I (Old CLIC)
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tolerance for Ag =1nm [lum]

Long Wavelength Tolerance Il (Old CLIC)

1e+07

pall +RF ——— ; -
fe+06 | DFS+RF 4
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Wire System Misalignment Modelling

e Received a number of mis-
alignments from Thomas

e Used 50 seeds for each er-
ror set

e Switched from one wire 1
to 2 at end point of 1 and
back to 1 at end point of 2

e Used linear interpolation in
between wire endpoints

- no sag error

- no error of geoid

y [mm]

1.2

1
0.8
0.6
0.4
0.2

0 ¢

-0.2
-0.4

0O 500 1000 1500 2000 2500 3000 3500 4000
element number
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Beam-Based Alignment

16
14 |
12
10

Ae, [nm]
oo

e Flat steering used first

1

0 500 1000 1500 2000
quadrupole number

o NN OB~ O
T T T

e Dispersion free steering using settings
from baseline algorithm

e RF structure alignment 006; | T 082

e Different cases marked by date 0.08
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y [mm]

Impact on Element Positions
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Results
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Curved Main Linac (ILC)

Two main reasons why one might want to have a tunnel that follows the earth curvature
- one can stay close to the surface everywhere (but site dependent)
- in ILC, the helium level will follow the equipontential of the gravity

But there are some problems for the beam dynamics
- one needs to guide the beam on a curved orbit this requires introduction of dispersion
- the dispersion makes the machine operation more difficult

In ILC the arguments for the cryogenics where considered important, so a curved tunnel
IS chosen

In CLIC there was no benefit to go to a curved tunnel, so the laser-straight option is pre-
ferred.
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Dispersion

e We deflect a particle of energy £, with a dipole corrector (offsetting a quadrupole has
exactly the same effect)

the resulting deflection angle is
GeVg

5 ~ 0.3
1 Tm?2 E,

If we have a second particle at a different energy E, it is deflected differently
GeV BL
Tm2f2
so the two particles will take different trajectories
The different is described by the dispersion D, , with

ox oy
% D=

0y ~ 0.3

D, =
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Dispersion in ILC
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Initial Energy vs. Gradient

% .~ AEg/E,=0.01 -
[, AEE~-001 -

s vt b

e H H
B e e aala s
- o A o, ##ﬁ:rﬁ HH .
fH

Ay [um]

e The incoming beam has 8l |

an energy spread 10 | | |
0 50 100 150 200 250 300

quadrupole number

e Different longitudinal
slices of the beam are

accelerated with different 10
gradients 81
6 L
= These path difference 4 g, s
— _>(>§$Q<>< |
need not be the same 3 2
—_ O ’§ ]
#
z\ '2 _:##t . 7]
_ e # % ++#+++ g |
4 + +++++ + +++++++++m++++#++%+++++F#+++F#F+###+#+++Hﬁ+4#4++Hﬁ#+#F++Hﬁ+++#F++ﬁ#++##++W++#++ﬁ##+#ﬂ##w#
‘6 - e _
+ +++++F++++ﬁ++#++++ ot 4
-8 i Rl ++*#tc#++ﬁgr+++#ﬁ++#Dr++++++++++++4+*ﬁ#++++br4++*tm+**ﬂ++**Jr+++++++++#+++++*t+++#+++++;
1 1 1

10 ' ' '
0 50 100 150 200 250 300

quadrupole number



Impact of a Curved Tunnel

e If the tunnel follows the earth curvature one needs to introduce dispersion along the
main linac

= beams of different energy will take different paths

The dispersion is measured using

Y1 — Y2

E — F

the error of the measured value is given by the BPM resolution

2
20res

(Er — Ey)

If we introduce an BPM calibration error a such that the measured position v,,cqs IS Ymeas =
(1 + @)y, @nd assume o, we get

D ~

O'%%

0_2 ~ 20_72‘68 + O-CQL
b (Ey — Ey)?  Fy
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Single Bunch Dispersion Steering Simulations

e Aim is 90% of machines at

Ae, < 10nm
e P. Eliasson, K. Kubo, 00—
A. Latina, P. Lebrun, F Gscalggoo-g ——
. . Oscale="Y:
Poirier, K. Ranjan, D. Oscalo=0.1 ¢
[ Oscale=Y-& B

Schulte, J. Smith, N. 15 Lo _
Soljak, N. Walker. ..

e Not all results are bench-

marked against others 10

Ae, [nm]

- small differences in the
assumptions etc.

e Consensus is:
- beam-based alignment
is close to the target but 1 10 100 1000 10000 100000  1e+06
not quite sufficient W,

- some further improve-
ment needed with other
means
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e Use bunch compressor (ILC shown)

Alignment of Beginning of Main Linac

e Only energy change modelled

- simulations with realistic distribution
showed even better performance (A.
Latina)
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Performing the Correction

We determine the response matrix of our bin with m BPMs and n correctors
First we measure the response matrix B with b; ; the change of beam position in BPM
due to a change of corrector k

Ay = Béc
If m = n one can solve this by inversion, if m > n one can use the pseudo inverse or

calculate
¢= (BbB")) By

If we use more than one beam (DFS) we can use

By
5 — | VilBi— Bo)
VWi(By, — By)

Other options are to use a SVD decomposition or a MICADO type algorithm
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MICADO

e One employs MICADO if one wants to limit the number of correctors to be used

e The algorithm

- for each corrector calculate how much it would improve the figure of merit
- chose the most efficient one

- for each corrector calculate how much it would improve the figure of merit with the
first corrector

- chose the most efficient one
- continue to add correctors until predefined number is reached
- apply the correction

e MICADQO is very good if the correction steps tend to be small compared to the minimum
step size
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Summary

e We realised that static imperfections can have dramatic impact on the luminosity

e The most important imperfection for the main linac are the misalinement of elements in
the tunnel due to the limited accuracy of the pre-aligment system

e Simple one-to-one steering can correct the impact of quadrupole misalignments
e Dispersion free steering can cure the impact of BPM misalignment

e Structure alignment with wake monitors can reduce the impact of structure misalign-
ments

e Emittance tuning bumps can also be used
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