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CE)APP LAPP activities on FCC-ee

= Global scheme of the vibrations effects on the beam and the related controls:
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< CAPP Nanobeam stabilization and Positioning

= Global view of the team works:

= Vibrations models & global effects

- 3: Uniform waves (static deformation) — optics studies
- Dynamic aspects: prospect of a GND generator (GND motion and
coherence studies at SuperKEKB)

= Optics simulation — beam parameters
- 2: FCC-ee MDI simulation (MAD-X)

- SuperKEKB: Capability to estimate the
. observed vibrations effects (SAD)

+ Beamconuol e—oRc—gmy | EE
i o control -
- IP feedback simulations THG Feachack conbor desn Jirators  —
(CLIC) — done in the past < studies ey . L
- Trajectory control (ATF2) = - Mmemm — Mechanics and positioning
done in the past ARy e ransfer Y | - 1: FCC-ee MDI mechanical modelling
" — - 4: SuperKEKB: Effects of cantilever cryostats and of
various sources

- FCC-ee Arc-cell prototype : mechanical studies will

= |nstrumentation s W e start ASAP

- Vibrations sensors (R&D and sensors in operation on site) - Z‘r?_nsverSf RgFD W_i;h a;_new postiti?ni(rETls:yzst%rLC)
- Active system for vibrations controls , -

done in the past
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dA PP MDI strategy

= Study parameters:

Main impact is from Quads close to IPs = interest to

o~ focus on these quads for vibration studies ‘
o :
e All quadrupoles 5 ‘
individually misaligned by g ezt
1 um in the vertical plane re g R A
. TWiSS parameters na;'“ﬁu I:;‘ ) ".“ (Single particle, mi'saﬁgnmef?r. t)fh.rm) - o II'; :
evaluation thanks to — i T 2’.1:522’:\'2??
MAD-X -/ Pacirat abizr i
«  Observable: y offset at IPs
IP41IPS Not neglgible — _—_ IR N | S — ns mem | =
@I ; glﬁiglﬂst eﬂ‘ectﬂm " I @ b Pl Detector
> For the next studies, focus on these 10 quadrupoles placed around the IP Magnet
Qca2l2  Qcall /'
H H L L HI [T I
= Aglobal and innovative approach to set the tolerances of the magnet - AR - HRR A4 - HHE - - 1-~ AR - B - - - ===
dynamic behavior: QciL3 . Qcilz  Qcill ﬁcw
T =1 —
Mechanical xig;i Optical | B Physics Ground
studies behavior studies | IESELEN | specifications displacement
Mechanical Dynamic 5 T : N e Wy
specifications tolerances E bl ff.:_h 100) 1 \ ' '
Coupling of the mechanical and the optics studies ' £ \\ =
» The tolerances of the mechanics are adjusted by the evaluated beam parameters of the R
optics simulation ; :
- o Hz]
> Complementary study to the current ones (T. Charles, K. Oide et al) PSD displacement of various sitss  Coherence measurements at LHC
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Mechanics : methodology of the dynamic behavior evaluation

< UAPP

The final assembly is complex and not enough
achieved to be evaluated

-

= Development of a methodology on a simple geometry inspireby anown case:erKEKB HHHH-M

Magnet
slices

n output temporal
displacements files:
calculated at the optics

&\ MATLAB ) '
- B magnet slices and at the - Glmuf
T _ MAD-X sample time s
Modal analysis and state-space Exploitation of the state system under Matlab

Finite elements model under i lculati
i matrices calculation
ANSYS Of a Slmple structure Measured PSD compared to calculated PSD
T T T T T Measurement on the cryostat

T T
_ Ground Measurement * model
‘ 10'14;

1078 g

PSD : Power spectral Density

PSD [m?HzZ]

Test of the method on a prorotype

F Magnet vertical displacement measured on SuperKEKB
[|—Ground vertical displacement measured on SuperKEKB
10-18 g——Magnet vertical displacement calculated with the simplified model

For more details, S. Grabon’s presentation: g :
https://indico.cern.ch/event/1064327/timetable/ 1 Frequency [H2] ‘ Meastrement on the ground
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LS
= Guralp Wilcoxon 393B12 4507B3 4524
Possibility to add masses uGer o z z xyz
2410005 1 Vet 10v/g 9SmVig  98mVig
S ] A AT 492

Instrumentation
- Study of 3 configurations and of cantilever coupling complexity -

= Conclusion of the mechanics aspects

* The method to study the dynamic behavior of the mechanical assembly and its
coupling with the optics to evaluate the effects is developed and will allow to
define and to verify the tolerances

« Validation of the method on a elementary prototype which could be adapted with
various operation configurations has been processed

* More structure details are expected to be studied and integrated

_antilever beam prototype

z

Modeling of the prototype :Bf
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0,150 0450

Screening solenoid

Cryostat shell

Compensation \

solenoid Qcils

Qci

LumicCal

Cooling

aar 3D view of the FCC-ee IR until the
e end of the first final focus quadrupole

Central
chamber

'\\Trapexnidal
& ™ chamber
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Ct)APP Optics : beam tracking studies

n Methodok)gy: QC212 QC2Ll B P / ‘\QCZRl QCc2Rr2
| NN
> ConSIderatlon Of One_block '%_% _‘l‘u%_" _—‘l%—_‘ﬁ% _____ e — * ___________ I"""'I'_"’]:U—Lu:u’ﬂ—”,‘ ____ %““ %_Mﬂ
. . QC1L3 QClL2 QClLl _~— QCiLl QC1R2 QC1R3
quadrupo]es (no S||C|ng yet) .,C—\_/, - Setedicr R __\/g\

1 T T [
e Tools:
O V22.2 layout used:~91 km long For more details, E. Montbarbon’s presentation:
O Z lattice considered, as smallest beam spot sizes at IP https://indico.cern.ch/event/1064327/timetable/

O Optics simulation with MAD-X:
Dynamical study -> Tracking module used, number of accelerator turn dependent
O No optics correction considered, to highlight vibrations impact on beam characteristics

* Setup: « Observables:
40 FFS quadrupoles considered .
> 5 per IP side, with 4 IPs o | * v py (phase space)
Considering the quadrupoles which have the biggest influence at IP « Based on the previous study evaluating the \/
impact of individually misaligned quadrupoles "7 = Mean and Std deviations of y and py, corresponding
Post- to beam centroid and size
| treatment
Vibration definition « After studying a static case, vibrations are
defined by a sine wave function. » Standard deviation of the y mean
From a sinusoidal vibration to mechanical related vibrations « 15 Hz Frequency chosen to correspond to the St
first mode frequency of the SuperKEKB
’ cryostat

| « Correlation between magnetic elements and/or
girders along the ring

‘ From no coherence to coherence between quadrupoles

FCCIS 2023 Rome 7


https://indico.cern.ch/event/1064327/timetable/

Mean y (m)

< UAPP
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Optics : beam tracking studies — preliminary results & prospects

» Bunch of 200 electrons, gaussian beam

» Tracking study over 3000 turns (< 1s beam time)

» Vibration of all FFS quadrupoles: sine at 15 Hz with 1 um of amplitude

* Random phase advance between all quadrupoles, fixed at the first turn
-> simulation of 5 seeds to efficiently compare results

15 Hz pattern noticed in

each seed

Amplitude of y mean and

phasing between the .

seeds very different

Need to focus the studies

on the impact of

0 500 1000 1500 2000 2500 3000 individually vibrating
Accelerator turn number quadrupo'e

Status and prospects:

Mean y at IP.1 (m)

QczL2 acaLa

Each FFS Quadrupole

............ \\t

-1

____ﬁ____*______
Qcill _—

QC2R1 QC2R2

i,__ AEEEfIYI

b~}

Qcill | acir2 QC1R \

[ — — I -

Comparison with individual vibrations of the most impacting quad. at IPs

3.006-06
2.006-06 i
100606 Y
0.00e+00 R

-1.00E-06

2.00E-06

-3.00E-06

0

500

1000

1500 2000

Turn number

3000

o0 In this case,
QC1L1.10r QC1L2.4,
placed around IP.1/8,
exited with a sine at
15Hz and a amplitude of
1um

Each FFS quadrupole vibration will give its own contribution to the mean

vertical offset @ IP.

e The method to evaluate the impact of time-dependent vertical vibrations applied in the Final Focusing System (FFS) on beam phase
space is developed and the tracking studies will be gradually complexified

» Use of the MUST computing facility (IN2P3/USMB) to deal with all simulations scenarios

» This study will require dedicated investigation to provide more realistic results and is a long term work (vibrations relative to

mechanics design, local and global corrections...)

/7

s This study is integrated into a more global one: Effect of plane ground waves
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< CAPP

(w) apnyduy

Uniform waves: context

Effect of plane ground waves on the closed orbit of FCC-ee:

0.000002

Aims of the stu

dy:

e Compute the response of a potential spatial coherence on the performances of FCC-ee
o Compare simulation results obtained to the ones of other machines (e.g. LEP, LHC)

iy

==

|
FCC-ee| Characteristics of the wave:
|+ Incident angle: O rad
'+ Phasing advance: 7/2 rad
* n: harmonic number

f : frequency of the plane ground wave
~.| C: circumference of the ring = 91,18 km
Vyave: Velocity of S-waves = 3000 m.s?
A : amplitude of oscillation = 5.10" m

Schematics of the plane ground wave impacting FCC-ee

Vertical misalignment attributed to each quadrupole j along the
accelerator ring, regarding the corrugated model:

E(j)=A*sin(

2f

Vwave

(X () * cos(@) = Z()) * sin(@) + ¢)

(With « : wave front tilt angle and ¢ : phasing advance)

Assumptions:

Only one beam considered: no beam-beam effect
introduced in the simulations

Beam made out of only one particle, placed on the
ideal closed orbit

No multi-turn tracking

No local nor global correction

Work performed on the Z lattice (V22)

Sinusoidal plane ground wave
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< CAPP
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Uniform waves: past results

Estimated amplification factor for LEP & LHC in function of the harmonics numbers:
* yco: difference of vertical offsets between the closed orbit and the ideal closed orbit at the four Interaction Points (IPs), given by the

TWISS table

e yco(rms) : vertical RMS value of the vertical closed orbit offset over the whole ring, written in the SUMM table

o amplification factor : to normalize from the maximum amplitude :

o= 56 (<1Q,=T6) LEP

0,001 Amplification factor

1 "m 21 31 41 51 61 7 81 1 101 111 121 131 140 150 160 170 180 150 200

Q Harmenic number
y
Biblio:

7.00E-02

6.00E-02 +

5.00E-02 1

4.00E-02 1

3.00E-02

2.00E-02 +

1.00E-02 +

0.00E+00

yco(rms) % C

maximum amplitude of the wave

hpeakl ~39
hpeak2 ~ 12

<Q)) LHC

11 21

3 4

E. Keil, Effect of Plane Ground Waves on the Closed Orbit in Circular Colliders, CERN SL/97-61 (AP), 1997

RJ Steinhagen, "LHC Beam Stability and Feedback Control", 2007
M.Schaumann, "The effect of ground motion on the LHC and HL-LHC beam orbit", 2023

51 61 71 81 91 101 111 121 131 141 151 181 171 181 191

Q Harmonic number

Keil, 1997
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<UAPP

0,001 Amplicationfactor

Results: amplification factor comparison

= FCC-ee MAD-X result and comparison with the LEP results :

0,25
0,20 |
I Tune @ 214
|
|
|
0,15 I
|
|
|
0,10 |
|

0,05

0,00
0 100 200 300

FCC-ee is more sensitive.

Now it has to be investigated the meaning and the induced effects on the machine with further analysis
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CC)APP Uniform waves: context

= 2 methods are carried out (simulation and analytic approaches):

Analytic computing

Assigning vertical
TWISS of the displacements of all
nominal sequence quadrupoles relative to

plane ground waves

TWISS of the
“corrugated”
sequence

Storage of relevant
outputs

Evaluation of
observables

 mADX

J
o Analytic: sequence made out with quadrupoles only Both approaches are complementary and
o Optics simulation: full sequence of FCC-ee strengthen the obtained results
o ) Cumulative Contribution of the quadripoles along
= Definition of the analytic approach: FCC to the IP offset, H=1, 0.5um
Each misalignment of quadrupole & generates a dipole kick &: as or o
5 = kle o

-2.00E-07

The i dipole kick creates a perturbation yco; of the closed orbit:

-2.50E-07
-3.00E-07
-3.50E-07

Ay at IP [m]

n -4,00E-07
\/TB] -4.50E-07
yco; = Z‘)W-COS(W = 21 Apyj). kil S e o
]:

60000 80000
5[m]

100000

Large portion of the
contribution comes from
the quadrupoles close to
the IPs

FCCIS 2023 Rome
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< CAPP Results: yco(m)

= Comparison analytical model vs MAD-X IP1-8
Difference of vertical offsets between the closed orbit and the ideal closed orbit @ IP.8
1.E-06
I IP6-7 IP2-3
1 Tune @ 214
8.E-07 |
|
|
|
6.E-07
IP4-5

yco (m)

4. E-O7

Fcc-ee IPs locations

|
|
|
2.E-07 |
|
|
|
0.E+00 I
0 100 20Q 300 400 500 600 700 800 900
Harmonic number h
——Analytical model + ——MAD-X
= Except an initial offset which has to be fixed, the correlation of the two approaches is very consistent e T

= First main peak @ 214 is coherent with the vertical tune machine
= More investigation is ongoing to comfort the complementary of the 2 methods

Analytic: fast knowledge of each quadrupole effect on the trajectory
Optics simulation: accurate evaluation of the effects of all the magnetics elements on the beam parameters
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Ct);A\ PP Prospects

= Short term:

* Investigation of the offset (vs lattice and magnetic elements)
o Parametric study to test the influence of the phase and the direction of the waves

» Presentation during a next optics meeting soon
= Mid-term:

» Evaluate a more realistic setups with known waves speeds and directions (collaboration is
Initiated with a French seismology lab) to convert harmonic to frequency

Study on plane waves done @ ATF2 — comparison model vs measurements
PSD of PgF2 ground motion (near final doublets) on Friday 12/12/08 at 3pm (during shift)
10 i

» Theoretical formula of the DSP of
the absolute ground motion:

; ,
i !|—Measurements
: !|—Theorical formula
. sorical Ic
H 1

N 3
T 1016_ a
£ . pw) =2 —
| 7L, () |
* | | R : _
0™ 11000m/s | 300 /s | 25D mis i * &, Wy, d,: amplitude, freq and

‘Firstwave | Secondwave iThirdwave & 1/f° width of the 3 main waves
HE S S FE B R R I
107 0.2Hz 10° 29Hz 6 15??5.4Hz 25 50
Frequency [Hz]

o 1st study will be done at SuperKEKB

= Long term: roadmap in progress....

FCCIS 2023 Rome



< UAPP Complementary studies : SuperKEKB

QCS-L Cryostat QCS-R Cryostat
T

Helum Vessel  Hebam Vey el

» Useful demonstrator at SuperKEKB: 10 PSD{m/Hz]

-22 -20 -18 -16 -14 -12

Frontside Backside

102

25 SC magnets In QCSL 30 5C magnets in QCSR
10’
<3 3
3 - i
g e 4ol
§ .0 P et /b Seismic
31 ermanent disturbance activity
2 "
w

IHH‘

Comparison day — night
Seismic events

External disturbances
Drift in time
Coherence...

13-12-21 02:4913-12-21 23:2814-12-21 20:07 15-12-21 16:4516-12-21 13:2417-12-21 10:03 18-12-21 06:4119-12-21 03:2019-12-21 23:59
One week of data — 10 min / hour

Spectrogram of one week data from a sensor placed
at one side of the Belle-I1 detector

Q
Q
Q
Q
Q

4 vibrations measurements H24 at both sides of BELLE Il

= Some examples of vibratory analysis at the MDI:

§ 15 20° Temporal displacement [mllr 1077 5 Geophone Frontside ground z (2022-05-24)‘
% 1 0—|5 _ F :1 n l?wbé‘;@iﬂll?uik.;‘é:\“ h
% %[. ?10"“;
é = ——Daylime - Geophone Backside Teble 'Ei’: . %
s Devime . Guophons Fronide T { E H Erore
L|——Daytime - Geophone Frontside ground 2 %, a L
107" 1 Night time - Geophone Backside Table 102 2 s o H
Ime - Geophane Backside ground E 10718 -
¥ T i - Gorahors Frencio g T ;
E ) s 10720 - L
T A A e 10° 10’
g Time [s] Frequency [Hz]
£ ol Drift of the mechanical assemblies behavior Detection of the earthquakes
o PR Ry = in time
Frequency [Hz] X . .
Day-mght vertical and horizontal PSD on both 0 SuperKEKB vibration weekly reports: https://lappweb.in2p3.fr/SuperKEKB/

0 M. Serluca et al, « Vibration and luminosity frequency analysis of the SuperKEKB collider », NIMA (2021).
0 L. Brunetti et al, “Influence of vibratory effects on the beam parameters of SuperKEKB, IPAC23

FCCIS 2023 Rome 15
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< UAPP Complementary studies : SuperKEKB

QCS-R Cryostat Amplitude of magnets displacements in function

- - - - Helium Vessel Helium Vessel aae .
= Coupled analysis with luminosity measurements: | [ | . ofthe positionsinthe QGR-A cryastat
Q Influence of the mechanics o N =
e | Temporal measurement of the luminosity _ZE,, \"{
Raw data g
10 Filtered data {13 — 16,5/Hz - I
. Mean fm dam _ E; : = \\\\.
A MI o }]ll m
27 . H’mDis:in:e\‘::lmlF’(mm]m - -
e Positions of focusing magnets in the QCR-R cryostat (left) -
5 Maximum amplitudes of the deformation (right)
3 PSD of luminosity: 2020-06-28 @ 5:35:09 vs PSD Max 4 seismic sensors
N ) 101 T T =T =7 T—F T {E T = =T =1 T 5]
1

- | Injection @12,5Hz Injection @25Hz-
I I 1 L 1 1

1 2 3 4 5 5 109 = /

Experimental layout in both rg (left: LER, right: -t 5
x10 _ st mechanical

HER) of the luminosity measurements - 1JClab Example of time measurement of a luminometer E mode
10° -

o

CH?2 luminosity PSD
=)
2

U Influence of coherent vibrations

Max of vibrations: Displecement zPSD m*/Hz *
offser

5L
10°.  — Luminosi
PSD Lumi 20210531 @3:50pm PSD Vertical djs agent 20210531 @3:50pm, with disturbance E Luminosity Ch2 ‘
T ] - —PSD Max (4 sensors) z axis * offset
4l i ——Geophone Backside Table z
10 ¥\ - Geophone Backside ground z 107 | | | I I | | I
——Geophone Frontside ground z 10 12 14 16 18 20 22 24 26 28 30
‘ freq [Hz]

Comparison between the PSD of luminosity and the PSD max (z-axis) of the
four sensors located around the BELLE Il detector in [10-30] Hz bandwidth.

©h1 Luminosity PSD [
=
——
__
—
-
PSD [m#Hz]
2

| | | » Study in progress: to do the correlation between real
Froatis measurements and the optics simulation under SAD

Frequency [Hz]
PSD of the luminosity measurement (CH1) PSD of the vertical displacement

PSD of the luminosity (left) and vibrations (right) with a peak at the same frequency due to the external disturbance
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< UAPP Complementary studies : SuperKEKB

= Analysis of the luminosity measurements: Electron beam — 30m from IP
|HER Belle ll Cryostat 12 10°
! Lumi data
| CH1 1o Lumi mean + lumi [13 - 16,5]
=" Lumi mean
g 1 KHz
gt 11 =
1 | An : Amplitude of
5| P the sine (raw data
" --ﬁ‘f*."_f@"- AN .H,\,Ig;- ' Avikaia 10 |- filtered on the
; = | cryostat bandwidth)
0" it 1 1ot ol Ah AR IV Wi
B ' ; —= o P PR N OOAR LA t
Experimental layout in both ring (left: LER, right: EE |
HER) of the luminosity measurements - 13Clab O CH2 i b 8 I
% 1 KHz E’ § Me : mean of the
QCS Cryostat . e 3 NTRA et luminometer signal
Helium Vessel Helium Vessel 3 I > - " meompjali 1
Helium Vessel . —_— (= ] E '\-- - -{..'f#\ih *h"."- :& F
ESL solencid | |~ H..,_l 6 | |
‘‘‘‘‘‘‘‘‘ w = 3 3.001 3.002
! acne R===nss —— i~ F——i——=1] Temporal measurement of the luminosity
I e o . W (raw data, filtered, average)
; carreco - LER treq [Hz)
Positron beam — 10m from IP
p— e o The signals contains a lot of information which are

very helpful for the beam diagnostic, especially for
the vibrations effects...
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< UAPP

Complementary studies : SuperKEKB

= Quantification:

HER

Electron beam — 30m from IP
Belle Il Cryostat

._D-'l e p—————

CH1
1 KHz

Chi Lumincdity PSD [au ]
= =

CH2
1 KHz

"3%'?‘*{; & ' l
5| ;i ‘Tﬁ.ﬁ‘qi‘#ﬁ'- ’

10"

LER

treq [Hz]

Positron beam — 10m from IP

Ratio of the luminometer signal : An/ Me

[8-20] % [1-2] %

o The analysis is in progress but the quantification is complex due to various
factors: nature of the beams, positions of the devices, alignment and beam
deflection, electronics noise and sensitivity...

» Simulation under SAD
= Evaluation of the beam deflection in function of the cryostat
deformation
= Evaluate the accuracy between the measured and estimated effects

T
LI

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

] i _ 2
[ 5 or | L(x) =Lue.tp(—ﬁ)

EEEEEEEEEE

» The installation of a IP BPMs fast acquisition is in under investigation
» To follow the effects vs the increasing of the luminosity will be very relevant
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< CAPP Additional SuperKEKB prospects

= Vibrations effects of coherent vibrations:

Planned vibration measurement campaign around the ring — from 2023 Nov. 17th to 26th LER
3 sensors along the - H24 Monitoring with 4 ‘ -
CO”lder”— B Sensors | C 0.05 um | |
/, / 9 “||’||l||n.|l|“1‘ I| Jllll.l l”|l||.|J|L||.l"|.||.u “I‘lu‘hl'-l || Ij ||“l|l ||| |u|||| |||I“ ||||I|L|I||| h‘lu'illlll |||..‘J|||.i|||‘ ‘|.||| E
(| g e swoncis \ LT -
\\ ,' 20,05 um

Estimation (using SAD) of the beam vertical offset @IP of each magnet
with a misalignment of Lum (threshold of 0,05um)

> Selection of 5 strategic points at about -60m, 25m, 60m, 650m and

1500m from the IP
2 synchronized DAQ will be performed

» To study the vibrations effects vs spatial coherence
» To have relevant inputs from an experiment in operation for the FCC-ee uniform waves study and the FCC-ee GND model
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c CAPP Summary and Outlook

« MDI: Complex interplay between mechanical and beam optics studies
— Mechanical modelling method is operative to implement new MDI elements
— Vibrations optics simulations under MAD-X are in progress

e Uniform waves
- Coherent results with LEP and LHC

- Two consistent, complementary and relevant approaches (MAD-X & Analytic) to have an efficient tool of
investigation

- Large potential of interest (more realistic situation)

o SuperKEKB: Benefit from an experience in operation

— Great opportunity to evaluate the effects on a MDI setup and to compare optics simulations and real
measurements

— Demonstrated interest in achieving measurements of global coherence at SuperKEKB and to compare the data
to the IP BPM measurements
e Others
— Future implication on the arc-cell prototype
— R&ND dedicated to positioning system

o Particular thanks to: M. Boscolo, T. Charles, F. Fransesini, M. Hofer, K. Oide, G. Roy, L. Van Riesen-Haupt, P. Raimondi, T. Raubenheimer, F. Zimmermann and the whole FCC-ee
collaboration team
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