O FCC 27/06/2023 / Optics Tuning and . Elaf Musa - PhD student (DESY)
Correctiohs: for Future colllders : ) ; . :
workshop * ™\

/
/'

Orblt response based optlcs Correctlon
studles for Fcc -ee

ERmn PN

Elaf Musa - PhD student (DESY)
Superwsors Ilya Agapov Tessa Charle&

b 1 . é : \. 3 " B

receives funding from the European Union's H2020 Framework Programme under grant agreement no. 951754,

- FCCIS — The Future Circular Collider Innovation Study. This INFRADEV Research and Innovation Action project


Stamp


(QFce 27/06/2023 Elaf Musa - PhD student (DESY)

Table of contents

Introduction Errors corrections for the tt Lattice
« Aims of orbit and optics corrections Errors corrections for the z Lattice
Correction procedure PETRA Ill Experimental Validation

LOCO PyAT based implementation Summary And Outlook



(QFce 27/06/2023 Elaf Musa - PhD student (DESY)

Introduction

+ The FCC-ee lattice components are subject to different = Over the past few years, many algorithms for

types of errors: randomly distributed misalignments and correcting the optics have been developed using
field errors MAD-X and Python.

* The primary aim is to achieve a well focused beam by < To achieve better optics and DA, further
minimizing the beta function at the IPs, increasing the improvements to the correction algorithms are
dynamic aperture to increase the life time and achieving the required.

desired momentum acceptance. this will lead to achieving
high machine luminosity and hence increase the machine
efficiency.
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Orbit and optics error Corrections

Optics with m-BPMS and n-correctors produces an m x n
dimensional response matrix:

i
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~ 2sin(wv)

cos(mv — ¢(s) + ¢(s0)) +

* In LOCO (Linear Optics from Closed Orbit) the
measured orbit response matrix ORM is fitted to the
lattice model by varying parameters in the used model
to minimize the deviation between the model and
measured orbit response matrices

ooyt o, 8cHT

ACY
Ogr  Ogi g, )

« Orbit correction aims to invert the
response matrix to find the proper orbit
correctors kicks 6 that satisfy the relation
Ax + CAO = 0.
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Orbit and optics error Corrections

Optics with m-BPMS and n-correctors produces an m x n dimensional response matrix:

Cmn = %Cos(w — ¢(s) + ¢(s0)) + ”2?

» The changes of correctors kick used in generating the ORMs, changes the horizontal and vertical tune as a
result due to the sextupoles effect.

400 »
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d « An acceptable range for the horizontal
200 g correctors kick within the FCCee-t-v22 lattice
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Correction procedure

Field &
s Misalignments —_— Orbit correction
errors applied

Switch off
sextupoles

LOCO correction
iterations + tune —
& chromaticity
correction

Switch ON
sextupoles
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LOCO PyAT based implementation

» To investigate the possibility of using LOCO
for FCC-ee lattices we used the Python
accelerator toolbox (PyAT) to implement the
code and utilised it to produce preliminary
results.

e BPMs noise = 0.0

* Radiation off

» Girders are not included

« BPMS & Correctors added next to each
quadrpole
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LOCO PyAT based implementation

def quadsSensitivityMatrices(ring,correctrs_kick,used_cor_indexes, quad_index, dk):

» Closed orbit response is directly simulated.
 Choosing few orbit correctors equally distributed

strength_before = ring[quad_index].K
ring[quad_index].K = strength_before + dk

around the lattice. gXx, gxy, qyy, qvx = ORMs(correctrs_kick, ring,used_cor_indexes)
« Calculating the quadrupoles response matrices ringlquad_index].K = strength_before
(Jacobian) while sext OFF. return _gxx, Gxy, Qyy, Qyx

def generatingQuadsResponse(ring, COx, COy, COxy, COyx, correctrs_kick,used_cor_indexes, quads_indexes, dk, debug=False):
dex = []
dcy = []
dexy = []
deyx = []
for quad_index in quads_indexes:
if debug == True :
print('generating response to quad of index', quad_index)
C1x, Clxy, Cly, Clyx = quadsSensitivityMatrices(ring,correctrs_kick,used_cor_indexes, quad_index, dk)
dCx.append((C1x - COx) / dk)
dCy.append((Cly - COy) / dk)
dCxy.append((C1xy - Coxy) / dk)
dCyx.append((Clyx - CByx) / dk)
return dCx, dCy, dCxy, dCyx
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Error Correction For The tt Lattice V22

Horizontal Shift [um)]

Applying horizontal and vertical random alignment
errors of 10 um and 20 um truncated at 2.5 ¢ and
random relative field errors of value 2.e-04 to the
lattice arc quadrupoles resulted in a notable
reduction in the calculated dynamic aperture (DA)

Probability Distribution
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Error Correction For The tt Lattice

» After performing the orbit and tune correction, the 10 pum alignment errors 20 pm alignment errors
implemented LOCO code was utilized to correct
the beta beating, 3 Ioops of LOCO correction, the bos Horizontal Beta beating 0.08 Horizontal Beta beating
. ) —— before correction —— before correction
tune was recorded and corrected in between " aftobonncdte 006 [
o3 0.04
. 0.02
.. 000 2l
Correction None Orbit LOCO 3l 002 dle 000
i -0.02
rms orbit x (um). 3197 15.61 15.63 <0i04 oos
rms orbity (um). 3473 2.05 3.5 iy '
rms ABy/Bx. 16.66 349  1.18 L , , , , ooe
ms ABy /By 17.04 1142 139 0 20000 40000 60000 80000 0 20000 40000 60000 80000
) A slm] slm]
Vertical Beta beati i i
Table 2: Arc quads subjected to 10 gm alignment errors erticd B9 beating Vertical Beta beating
0.2{ — before correction —— before correction
Correction None  Orbit LOCO after;cpmection o4 after correction
0.1
rms orbit x (um).  57.64 26.83 26.84 02
rms orbity (um). 10657  6.27 8.38 gle ©° sk oo
rms AB./Bx. 6345 4095 1.56 =0
ms ABy /By 31.26 18.5 2.54 -02
Table 3: Arc quads subjected to 20 gm alignment errors e o4
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Error Correction For The tt Lattice V22

FCCee_tt DA
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Frequency map analysis (FMA) plots
shows that the resonance structure
is compatible with the resulted DA
after the correction chain. This
provides evidence that our correction
was sufficiently effective
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Error Correction For The Z Lattice
(FCCee_z 566 _nosol 4 bb)

K. Oide, June 1, 2023 @ 168th FCC-ee Sigma x = 8.83701052e-06

Optics Design Meeting & 39th FCCIS WP2.2 Sigmay = 3.12271638e-08
Meeting )
Nominal DA FMA
Parameter Value ‘ -2
Beam energy [Gev] 45.6 h e £
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Error Correction For The Z Lattice

4 Closed orbit x
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Error Correction For The Z Lattice
(Fccee_z_566_nOSO|_4_b b) Correction None Orbit (Sext on)

rms orbit x (upm)  1431.87 38.11
. . rms orbit y (upm)  4255.674 24.379
. Switch Sextupoles ON AB, /B, 0.413 3.405
* Tune & chromaticity correction + LOCO
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Error Correction For The Z Lattice

—— before correction
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PETRA Ill measurements test
(PETRA llI-High-Beta Optics p3x_v24)

. Optics errors applied to the machine quadrpoles. = Ctes Ronctions
. [ o 0.8
. BPMs noise included ollty 5
. Measurement with 41 (HCM) & 55 (VCM) correctors. | R
. The implemented LOCO code was utilized to generate the 5 06

proper quadrpoles strengths.
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PETRA |l measurements test
(PETRA llI-High-Beta Optics p3x_v24)

* The implemented LOCO code was utilized to generate the proper quadrpoles strengths.
* Checking the correction result (on going)

A}(J( values relative quads value correction error
0 0.013276 0.3 ~ ¢ 2.0

1 -0.024967

2 0.000276 15 -
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16 -0.683835 ° 10 2:?“) %00 400 0 200 400 600 800
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Summary

* We investigated the impact of the FCCee-t-v22 and FCCee_z 566 _nosol 4 bb optics arc
guadruples alignment errors on the beam optics.

* The application of closed orbit-based optics correction LOCO for FCC-ee lattices is demonstrate
using the Python accelerator toolbox (PyAT).

 Examples are available on :
https://github.com/elafmusa/PyAT LOCOQO _fccee/tree/main/Examples

* Reduction in the rms orbit, a decrease in beta beating, and an increase in the dynamic aperture
(DA) were achieved.

* Experimental validation of the developed methods at PETRA III.
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* Including IR elements errors.
« Demonstrating the full correction chain.(on going)

* We aim to Improve the PyAT-based LOCO code to reduce the simulation consumed time, ie. reduced
size LOCO, study of the required BPMs, correctors and quadruples.

» Fcc-ee performance (e.g. achievable luminosity) and the required alignment and field error tolerances
will be defined in close collaboration with CERN.

« Novel approaches for optics correction such as Bayesian based correction will be investigated in the
next.

» Experimental validation of the developed methods at PETRA IlI



(O Fce

27/06/2023 Elaf Musa - PhD student (DESY)

Refrences

[1] A. Abada, et al., "Future Circular Collider
Conceptual Design

Report Volume 2," Eur. Phys. J. Special Topics 228,
pp. 261-

623, 2019.

[2] T. Charles, et al., “Alignment & stability
Challenges for FCCee”,

EPJ Techniques and Instrumentation 10, 8 (2023).
[3] https://atcollab.github.io/at/p/

[4] https://gitlab.cern.ch/acc-models/fcc/
fcc-ee-lattice/-/blob/V22 HFD/lattices/t/

fccee t.seq

[5] https://github.com/fscarlier/xsequence

[6] Press, W. H., Teukolsky, S. A., Vetterling, W. T., &
Flannery, B. P., "Numerical Recipes in C," 3rd ed.
Cambridge University Press, 2007, pp. 65.

[7] J. Safranek, "Experimental determination of
storage ring optics

using orbit response measurements,” Nucl. Inst.
And Meth.

A388, pp. 27-36, 1997.

[8] Li, Y., Rainer, R., Cheng, W. (2019). Bayesian
approach

for linear optics correction. Brookhaven National
Laboratory,

Upton, New York 11973, USA. Retrieved from
https://doi.org/10.1063/1.5050635.

[9] K. Balewski, “Commissioning of PETRA III”,
IPAC’10


https://github.com/fscarlier/xsequence

O FCC 27/06/2023 Elaf Musa - PhD student (DESY)

Thank you
for your attention,



