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Introduction

CLIC schematic layout
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Introduction

Performance goals

* Each section has design emittance value, that includes the growths coming
from static and dynamic errors.

Ae, [nm]

Ae, [nm]
Design Static Dynamic

Design Static Dynamic

Section ¢, [nm] ¢, [nm]

DR 700 - - - 5 - - -
RTML 850 100 20 30 10 1 2 2
ML 900 0 25 25 20 0 5 5
BDS 950 0 25 25 30 0 5 5

* Perfect machine £ = 4.3 x 103*cm 257!
- Static imperfections £ = 2.3 x 10**cm ™ 2%s™! W s
« Static and dynamic imperfections £ = 1.55 x 10°>*cm™?s™~
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Introduction

Performance goals

* The vertical budgets are the similar to the 3 TeV design. Typically, it is easier to
meet the budget for 380 GeV.

* Integrated simulations starting from the exit of the DR to the IP including static
errors give the average luminosity of *;

L =(3.0+04) x 10>*cm™2%s™!
* With ground motion included:
L£=(284+0.3) x 10°*cm s~ *

90% of the machines reach the lumi of:
L =2.35x 10%*cm 25!

1 C. Gohil, et. al. “Luminosity performance of the Compact Linear Collider at 380 GeV with static
and dynamic imperfections”, 2020,PhysRevAccelBeams.23.101001
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ML current performance and motivation

> Current design foresees 10 nm vertical normalized emittance with 5 + 5 nm
budget for static and dynamic imperfections.

> The budget is respected with the usage of 1-2-1 correction, Dispersion Free
Steering, and RF structures alignments.

> Emittance tuning bumps/knobs are designed to control the residual
emittance — potential to reduce the budget dedicated for the static
imperfections - higher lumi at the IP.
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ML current performance and motivation

Imperfections overview

reference line

‘{*‘DBQEEB _L__|E|___|BL_4ELDB/;EI = lul ]I_IE’""

\ Articulation point

Ae, [nm] i
With respect to Error value 1-2-1 yDFS RF Acceleratlng elements,
Girder end point Wire reference 12 pm 1238 1227 0.07 q uadru p0|eS , BPMs, wake
Girder end point  Articulation point 5 pm .22 1.21  0.02 monitors
Quadrupole roll  Longitudinal axis 100 prad 0.05 0.05 0.05
BPM offset Wire reference 14 pm 208.82 7.05 0.18
Cavity offset Girder axis 14 pm 5.01 498 0.04
Cavity tilt Girder axis 141 prad 0.14 041 0.29
BPM resolution 0.1 ym 0.03 0.75  0.05
Wake monitor  RF structure center 3.5 pm 0.02 0.77 041
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Prealignment and BBA techniques

Beam-based alignment

Current ML alignment routines consist of:

1)One-to-one correction
The quadrupoles are moved to steer the beam through the BPM
centers.

2)Dispersion free steering
The quadrupoles are moved to minimize the orbit and dispersion
simultaniously.

3)Accelerating structures realignment with the wake monitors
The girders’ supports are moved to minimize the wake monitors
reading in the structures.
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Prealignment and BBA techniques

Simulation of the BBA Summary (results from 2are well reproduced):

Rms emittance growth: 100% of the machines <4 nm
e 1-2-1: 235.09 nm 95% of the machines <2 nm
* DFS: 25.84 nm Rms of 0.98 nm

* RF align.: 0.98 nm

1.0 { : : 4ofF QA i
[ 120 | k
0.8 M n w [
B I £ 100 ]
g _ = |
~ |
< 0.6 — 121 ] £ 80 .
I ] E j
E —— DFS = i
f 0.4 |l —— RF align. ] é 60: ]
S Z 401 .
2N i
0.2t . 5| ]
oo L. . . — . .. 0 ;1
0 20 40 60 80 100
Aey [nm] Agy [nm]

2N. Blaskovic Kraljevic, D. Schulte, “Beam-based beamline element alignment for the main linac of
the 380 GeV stage of CLIC”, IPAC 2019, http://jacow.org/ipac2019/papers/mopmp018.pdf
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Knobs definition

* The term knob is used for the set of changes _I I l,

that can be applied to the lattice (offsets, ..) to I I I
modify it. _

* The remgining emittance growth afte_r beam - /- /- / /-
based alignment is due to the wakefields of the
misaligned accelerating structures.

* The key idea is to add the vertical displacement

to compensate the unwanted wakefield kicks. !
LE N I I
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ldentifying the principle directions

|dentifying the remaining emittance growth after the BBA

* We simulate the BBA (1-2-1 - DFS - RF align.) for 1000 machines with
different error seeds and evaluate the macroparticles coordinates and angles
at the ML exit.

* We use the macroparticle model of the beam.

* For each seed we calculate the corresponding vector in the normalized phase
space. The length of that vector is the emittance growth Ae; 3.

* For the calculations we use the bunch of 11 slices with 5 macroparticles per
slice (55 total).

* The tracking is done with Placet.

* To identify the key directions in the normalized phase space that statistically
contribute to the emittance growth the most, we use Principal Component
Analysis (PCA).

3P. Eliasson, D. Schulte, “Design of main linac emittance tuning bumps for the Compact Linear
Collider and the International Linear Collider”, 2008, 10.1103/PhysRevSTAB.11.011002
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ldentifying the principle directions

PCA
Example of the PCA applied to the data.
For the data analysis further on, utilizying Python modules, such as
Pandas, Sklearn, and Numpy.
%1010 x 1010
dfe ¢+ v T AT RS TR T ' ‘ '
: P o !
o | e 5L i
E E
™ O - - 00 0 — ]
- | S|
: Ll ]
92 — = I
. af ]
_1I0 _(I)5 — IO.IOI — IO‘I5J ~ Il.IOJ I I_I4I | .—|2. Il (I) o é T éll
Y1 [m] %1010 63 _ 63,0 = (YY) Y6 [m] x10~10
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ldentifying the principle directions

PCA
Each principal direction is ..or it can be transformed to the
characterized with its variance. emittance growth.
0.20 | .
c\E - 0.15 i
E] El
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é . <“’T 0.10 1
=
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A 20 0'00-"'5',""16"”15' 20
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ldentifying the principle directions

PCA

Based on this data we build the
function of the residual emittance
growth as the function of the number
of the principle directions we correct.

For example:

* We correct O directions —» ~0.98nm (what
we have after rf alignment)

e 5directions - ~0.3 nm [ _

e 10 directions — ~0.08 nm s 0 15 20

Number of directions

n

For the further analysis, 10 principle
directions was taken.
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Orthogonal knobs construction

* To correct the coordinates along the principal directions we want to
offset the girder with the accelerating structure on it. (We used all the
girders/quads in the lattice)

* Also, we want to adjust the guads to compensate for the orbit
change.

AY, ;i

Ayoffset,j

* We want to find the sets of the girders/quads offsets that form the basis
that corresponds to the principal directions. We will call these sets the
tuning knobs. A

+ The solution are the columns of ART . RT - is the pseudo-inverse of the
response matrix. \ - is the target value (set to 1 nm).

We build the response matrix as R =
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Orthogonal knobs construction

220 |

* When we apply the knob, the function is 200

quadratic: 180 |

2 _ 2 Y.|Y. é [

€y — €50 = (Yp[¥p) 160}

* For small changes, could be also s
aproximated as 120 | :
ey o< (Yp|Yp) wog, o T ]

Knob amplitude
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Tuning simulations

* We perform the knob scans after the RF alignment
 Each knob is scanned once.

« After the knobs tuning: ——————————

100% of the machines - < 0.8 nm [ [ RF alignment _
95% of the machines - < 0.5 nm 400 10 knobs iteration ]
RMS 0.12 nm 5 i
10 -(" ¥ ¥ T o o ¥ ¥ T . x ¥ Y T ¥ % L2 : T L . v r g 300 -
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0.8 I b
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Tuning simulations

Structures displacements

e Fast convergence, but large structure displacements.
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Tuning simulations

Things to address

* Reduce the number of the structures involved. Some structures are
uninvolved in the tuning.

e Limit the structures offsets.

* We constructed the knobs on the girders vertical offsets. Instead, the
movement of the articulation points should be investigated.
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Tuning simulations

without RF alignment

* Similarly we built the set of the knobs to be used after the DFS in the
event some/all wake monitors fail to work.

1.0 ——

0.8 [
S With 10 knobs, 95% of the machines
'g 06l reached < 3.5 nm.
g | With larger number of knobs, it is
£ oul possible to reduce that value and even
; reduce the budget.

0.2
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Conclusions

* The tuning bumps are promising to reduce the emittance budget for
static errors.

* The realistic value of the budget to be evaluated taking into account
the issues like large structures offsets,

* The tuning bumps constructed this way can also be used to reduce the
emittance in the case of some/all wake monitors failure.
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Thanks for your attention!
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Back-up slides
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Macroparticle model of the beam

Macroparticle beam

Particle beam

* The beam is represented by a set of macroparticles.

- The beam is cut longitudinaly into slices with 1 or more macroparticles in it
to represent the energy distribution.

* Each macroparticle has typical set of coordinates as normal particle, but also
the variations such as Oy, Oyy’, etc., and also the weight.
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Macroparticle model of the beam

Beam emittance

* Inthe macroparticle model of the beam, vertical emittance writes as:

M
= Z ri,jYiYj + Oyy) Z T ]yzyj +oyy) = ( Z Ti,jyiy; + Ty )’
7] 1 7] 1 ’L,jzl

M is the number of macroparticles, (yi, y’i) are coordinates of i-th macroparticle,
and oy, Uyy/ 0,7, are the variances, when the all macroparticles are centered.

oy = wi(0i; — wy)
» Dropping the 4" order terms in this eq:

Uy’,y’RA _Uy,y’AR

e =2l ] M L'y%@] with M[ v

—oyy R oy yR

 Each seed is represented by the vector composed of coordinates and angles of
M macroparticles [y,, ¥,, ¥, - Y’ ¥, 1"
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Macroparticle model of the beam

Beam emittance

. Matrix M is real, symmetric, and positive definite - applying Cholesky
decomposition:
v M = LL*
We have the normalized set of coordinates|Y’), so the emittance growth is:

ef/ — 6,!2/’0 = (YY)

* Further, in the data analysis, we will be using the normalized
coordinates.
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Macroparticle model of the beam

Emittance for several configurations of number of slices and macroparticles

; T T T T T T T
350 | —— 5 slices

: —— 11 slices
300 —e— §1 slices 1]

Ly o

2 4 6 8
Macroparticles per slice
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Macroparticle model of the beam

Beam emittance

Emittance contributions:

| Full
| 2nd order |
. Const

60 [

N
DFS RF align.
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