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Thesis Goal

Develop arealistic, self-consistent, model of the FCC-ee IP

collision feedback system

* Realistic modelling of the measurable signals (BPMs, luminometers and more)
* Realistic feedback hardware considerations (corrector magnets, processing time)

« Self-consistent 6D lattice tracking including modelling of beam-beam interaction

Using this model, study the luminosity performance in the presence of

magnet vibrations

But first, can | demonstrate this for SuperKEKB?
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Relevant Presentations

Report on IP Feedback studies at SuperKEKB
« 188" FCC-ee Accelerator design meeting & 59" FCCIS WP2.2 Meeting [10/07/24]
 https://indico.cern.ch/event/1433104/

Introduction to Xsuite: An integrated beam physics simulation framework
» SuperKEKB MDI Taskforce meeting [19/12/24]
* https://kds.kek.jp/event/52865/

iBump Feedback Target Dependence Studies
e AZwi 3=y - 2—T 4% (56)[13/12/24] {Commissioning Meeting (56)}
* https://kds.kek.jp/event/53089/

Update on SuperKEKB Xsuite Modelling
e A3y 3=y - 2—TF 4 % (56)[13/12/24] {Commissioning Meeting (56)}
 https://kds.kek.jp/event/53089/

SuperKEKB Xsuite Model Development
* Modelling SuperKEKB with Xsuite [30/10/24]
 https://indico.cern.ch/event/1471245/



https://indico.cern.ch/event/1433104/
https://kds.kek.jp/event/52865/
https://kds.kek.jp/event/53089/
https://kds.kek.jp/event/53089/
https://indico.cern.ch/event/1471245/
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SuperKEKB iIBump Feedback

IP Fast Feedback based on beam-beam deflection

* Input signal:
* 4BPMs ~0.5m up/downstream of IP, ~0.2um @ 3.6A resolution
» Mechanically coupled to IP (BELLE-II)
« Correctors:
» 8 vertical correctors, 4 horizontal correctors, 100urad max kick angle
» Before and after final focus quadrupoles

Linear matrix approach to calculate corrections

QC2RE e-

e+ QC2LP QC1RE

QC1LP

X
corrector

(steering)

t
BPM QC1RP
QCZLEQC1LE QC2RP

B File Edit Window

2024-06-04 12:48:51 Help ~

Trans. Fast to Slow Bump
Fast Bump(um) 0.367
Slow -24.314

Fast FB:running

[s=]

-Auto bump transfer on/off

Threshold(um) 1.948  on off
1

Status 1:on

start/ P

Status 1
Start Stop

FB operation
Status 1:susp [¢] suspend ‘ resume ‘
Pl parameters(
P: 1.500
It 1600.00C
Pl parameters(set)
P 1.500
1 1600.00C

=

rSet V-offset(canonical kick) target
V-offset targetimmI{mon} -0.29550

V-offset targetimm(set) -0.2985/¢
Set

V-offset targetimm](set relative) 0.00010

s

Start Scan ‘

-Set V-offset(canonical kick) target from monitor
V-offset{canonical kick) (monitor) -0.29501

s

-Set V offset DC bump(relative)

V-offset bump at IPImmI{now) -0.02395
V-offset bump at IPImm](set relative) 0.00010
E

-Set V offset DC p(direct)
V-offset bump at IPImm](set) 0.00000

s

Push operation resume button if OK.

~Conditions for FB Activation

HER min total current (mA): 50
LER min total current (mA) 50
~DCCT-

HER total current (mA): 234.8
LER total current (ma): 270.1
rBPM

MQCLLP (dB): 0.0
MQCLRP (dB): 0.0
MQCILE (dB): 0.0
MQCLRE (dB): 0.0

iBump vertical fast Feedback on skbcans-03.kekb. kek.jp:0.0
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MD Overview

04/06/24: 14:00-18:00
« Beam abort at ~16:15

* Optics and collision tuning initially

performed at low current before MD

MD: iBump VOffset Target and Current

*  During MD, current ramped to new

—0.288 - :
level then feedback target scan : 1 1000
—0.290 *
performed . ' 1 800
& 0292
* Wide range of currents tested 5 Lo =
5 —0.294 1 £
«  Pre abort: 400, 500, 600, 700, 800 mA & B
2 _0.296 | 200
+  Post abort: 400, 600, 800, 900, 1000 mA :
—0.298 , H
: 200
—0.300 -
l-S:IOO- — 15:30- - - -16:(;0 l 16:|30 — - -17:00- - = 17;30
Time

—— 1Bump VOffset Target = —— LER Current —— HER Current Beam Abort
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Current Dependance

Strong linear dependence of optimal iBump
feedback target on current observed
Constant offset observed before and after
beam abort

High levels of noise in data
Optimal point chosen based on luminosity data
Data from two different luminosity monitors
(LumiBelle2 & Csl) do not always agree
Fit to data performed, and position of optimum

not always clear

1IBump Vertical Offset Target

-0.290

—0.292 4

—0.294 4

—0.296 -

—0.298 4

—0.300

T —0.293

r—0.294

r—0.295

LER Luminosity [TBD]
umpFB_VOffsetTarget

iB

—=0.296 @

— - —0.297

0415:56 0415:57 0415:58 0415:59 0416:00 0416:01 0416:02
Time

X Mean Luminosity -+ VOffset Target at abort  +-+-- Voffset Target selected

LER iBump Vertical Offset Target vs. Current: Processed

%  Pre-Abort

Post-Abort
=== Pre-Abort Fit: r = -0.99
3 Post-Abort Fit: r = -1.00

"%
s
~ x
~x
T T T T T
200 400 600 800 1000 1200

LER Current (A)
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{i]B_‘ygrgp Vertical Offset Target vs. B2_IR:paraffin:BP_BWD:T2

Offline Analysis
T R I
. . £ —0.294 4 Xn“x
* Logging data for a wide range of parameters °
‘£ —0.296
tested for correlations e.g. s
—0.298 ~
«  Temperature e
0300 20 21 22 23
*  Quadrupole gap sensor B2_IR:paraffin:BP_BWD:T2
* BPMS ¥  Pre-Abort === Pre-Abort Fit: r = -0.9773634199272362
S | th t t I Post-Abort Post-Abort Fit: r = -0.9946903820462968
. everal other parameters seem stron
p g y " 2!iaBoump Vertical Offset Target vs. MG_QCS:GAPR:OutIn
correlated e.g. gap sensors and temperature .
£ _0.292 X
* The pre/post abort discrepancy applies in s x|
£ -0.294 4 R~<_y,
almost all cases g
£ —0.296 A
=
g —0.298 -
Many parameters at play: need a baseline study ~0.300 ————————————
0.3370 0.3375 0.3380 0.3385 0.3390 0.3395 0.3400
. . . MG_QCS:GAPR:Outin
to ensure this is directly due to the current ->
®  Pre-Abort —== Pre-Abort Fit: r = -0.9893888239872286
constant current MD Post-Abort Post-Abort Fit: r = -0.9602350075678446
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12/11 15:53:25-12/12 00:53:25, 2024 ST

-
Lpeak 3362 x 10% cm~?s7! @18:594612/11 HERlpeak 960 mA 1y 2346 B:/B, 60 /1 mm
Ve rVIeW int. c/day 85 /86  pb' LER lpeat 1201 mA  M» 2346 ABJ/B, 80 /1 mm

1000 |80 v
i — PR 3 L)
. 11/12/24: 19:20-25:00 g wor V VI Ve |2
= C J403 1o E
«  RFissues caused small current drops g ook 1o
. Issue with data logging e e e
* Optics and collision tuning initially
performed at IOW current before MD MD: iBump VOffset Target and Current
«  During MD, current maintained o041 1 1000
at1200/950mA (LER/HER) 0296 1 oo
T _0.298 ,
« Feedback target scans performed g ; |z
é —0.300 5-60{] =
. S o
every 20 minutes 2 ~0.302 |k
§—0‘304— it 400
—0.306 - H
5*200
—0.308 _ - o M N N Lo N M M P M
11:00 12:00 13:00 14:00 15:00 16:00
Time

—— IBump VOffset Target = —— LER Current —— HER Current
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Target Value Stability

» With constant current operation, the
optimal vertical offset target was stable
» Variation of offset target observed when

current dropped during RF issue

* Poor measurement as current varied during
measurement

« Target value clearly higher in these periods

while current reduced

* This agrees with the previous MD data

* Processed data analysis TBD

« Logger issue causing problems with data

analysis

iBumpFB_VOffsetTarget

—0.294 +
—0.296 +
—-0.298

~0.300

—0.302 4

—0.304 4

—0.306

—-0.308

NIVERSITY OF

12/11 15:53:25 - 12/12 00:53:25, 2024 JST
Lpesk 3362 x 10 cm2s! @1859461211 HERlpeak 960 mA My 2346 By/B,) 60 /1 mm

int. c/day 85 /86  pb7! LER lbeat 1201 mA Ny 2346 Bi/B, 80 /1 mm
10
Ja0
1000f
« r —
£ 800[ v \/—\/ H —GGE 10 9_.“:
£ 600F JapE o g
< ﬁ ]
T 400f 5 @
= 00 420 07 g
o e——— T — T T T a— PR et e S N Y i 10-¢
1400 F 1o+
1200F
=4 -2 =
& 1000 I~ Ja0g (&
S 800F E g
Z 600F 3 (732
— 20“: w
£ a00p Sl g
200F
kL 1 1 1 1 10

MD: iBump VOffset Target and Current

it 1000
| 800
600

i 400

200

T T = T - - - T - T -
11:00 12:00 13:00 14:00 15:00 16:00
Time
—— iBump VOffset Target = —— LER Current —— HER Current

Current [A]
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Scan Reproducibility T e

*  During both MDs, all scans had been

performed in the same direction, to ensure

=3
o
I

no other biases ot

=
L
|.I -II-|IIII|I-II

« Test by scanning forwards and backwards

o

Spec. Lum. CGsI
(green)
o
o
-
o
FeTTegmnT v ~asads

61 ; s : =
. [] =
«  Trend remained the same 60% | | | | | i 2 5
-0. DIBI I—ID.SDI?I I—ID.SDIGI I—ID.SDISI I—ID.SDIQI I—DI.SDISI I—DI.SDIZI I—DI.SDl

*  Fit remained the same

1Bump FB Target: Vertical Offset

Scan History Pannel on skbcons-04.kekb. kek.jp:10.0
0.44

* Large errors seen on all points taken

=
[t}
=
ra

o o
[ils] [ils]
= =
o I
I|III|III|III|\III|

Ver. can-kick{mm)
(target:blue.mon:red)

-0.308

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
o"3pmys M o™ gl
1201212024
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Data Fit

. Without far values Foma | Fotwort
F It I SS u eS Fit Result Error
LumCsl -3044 = 1.47116E-4
LumiBelle2 -3043 = 3.08806E-4
. . . . ZDLM -3003 = 0z78
» Fitfails if data points are taken too far from : Data it
With far values Fit Data Plot wio fit
optimal values - T aEls [ 2ovesiEE
LumiBelle2 -.3076 3.78713E-5
« The fit tries to remain quadratic (?) and fails L) -ZE15[ 0380

« Relies on operator discretion

« Automation based on fit not currently possible

*  Luminosity measurement discrepancies: P

LumiBelle2 vs Csl m

§
* Luminosity vs Feedback target very flat e oo
« Very positive: for an incorrectly configured E’i: :i;%
Target, only a very minor luminosity E:'su - _335,
degradation occurs B S R A R R

1
.308 -0.306 -0.304 -0.302 -0.3 -0.298 -0.296 -0.254

iBuinp FB Target: Vertical Offset

Scan History Pannel on skhcons-04.kekb.kek.jp:10.0
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Historical Data

Many target scans at a variety of

machine configurations All 2022 2024ab

MD: iBump VOffset Target and Current
MD: iBump VOffset Target and Current

- 1000

No clear correlations observed;,

- Too many parameters at play : |

» Perhaps possible to isolate

these dependencies over

—— iBump VOffset Target —— LER Current —— HER Current
—— iBump VOffset Target —— LER Current ~—— HER Current
LER iBump Vertical Offset Target vs. Current: Raw LER iBump Vertical Offset Target vs. Current: Raw
. . ~0.700 —0.270
shorter time periods !
—-02751 &
~0.705 { [
- *
o . 5 ~0.280 &
) ° ° 8 '3 = e ° e o
£ -0.710 {5 € < e © * P - . & o,
s . = —0.285 4
0 e® o 7} 3 t . Y ® o
k4 » . : : » @ [3 i I’ - . .
[ e % ol 2 o O o200 e, '.ﬂé S 028, 8, S ]
S 7154 e odhe ; : L q e
E ) % 0 (.u"‘ ®g g 3 °. 2 2 J‘!l 1 % .’nl 2"
5 ‘s °¢ & - 3 ° & _gogs{ 9 ol S E0° ¥ g 808 ,no!o 28008,
i L) ®ges I‘II = » g [} 1..' %\.-o s @
g 004 4 o gm0 o8 g s M
® - L] [ ] -
2 e © °§e 28 8 -0.300 =
o °
e 3 § P L] °
07259 @ ° e8 ° ~0.305 1
b °
L ] L] [ ] ‘
® : L ]
. . -0.310 1
~0.730 : : : : ! ! : " . . , .
0 200 200 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400

LER Current (A)
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Motivation

» Large number of CERN studies on SuperKEKB:

Xsuite Functionality

. IP feedback studies (J. Salvesen) .
. Collimation studies (G. Broggi) .
. Optics studies (J. Keintzel) .
. Beam Based Alignment studies (C. Goffing) .

. Impedance studies (R. So0s)
. Beam-beam studies (P. Kicsiny)

. And more...
*  SuperKEKB Beam-Beam working group
* Interest from BELLE-II for IR upgrade model

e And more....

Whilst computationally expensive, with Xsuite functionality, full
self-consistent simulations including many effects are possible

Lattice, Beam-beam, Space-Charge, Wakefields, Collimation, ...

Developed at CERN, since 2021

Collection of python packages: Xtrack, Xfields ...
Multithreaded CPU and GPU support

Demonstrated at:

Xsuite [10]

PS, SPS, LHC and more...

Peter Kicsiny [ Available || INotavailable |
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Bend h

Solenoid Installation 5

Sext
— B«
— B
— Dy

« Solenoid installed succesfully —o,

. Optics tests ongoing

LER

* Coupling matching
. SAD approach of R1, R2, R3, R4 not currently
available in Xsuite E w0 hA An Fo.2s

. Xsuite natively uses Mais-Ripken formalism “| l H Hl H ] 1 l l l l [ Hl l “
«  Custom implementation currently in use for testing | | l I l I l } ., I l I l l Il Ll l I' I | | l l l l I

Dim)

-0.75

0 1000 1500 2000 2500 3000
slm]

HER

The lattice version being converted has residual | MMMMMM& AMMMMMM WMMMM MMMJMM N
coupling (R3) at the IPin SAD. Coupling UM W .

Blm]
Dlm]

750 4

matched to 0 in Xsuite -> optics differences

o 500 1000 1500 2000 2500 3000
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Radiation Testing "o
 Emittance
*  Order of magnitude looks good, but details to
be investigated ATt
«  Further matching required to achieve exact
values
«  Momentum Acceptance and Dynamic aperture

SuperKEKB Momentum Acceptance

« MAand DAreduced vs SAD values
. Not the case in previous FCC studies- implying a

lattice issue

. Longitudinal acceptance similar

Normalised Amplitude Ay,

. Transverse planes reduced

* Likely due to IR coupling discrepancy
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Initial Beam-Beam testing

« Beam beam installation working

Test Beam Beam Scale: 1.0

. Possible to run in weak-strong and strong-strong
configurations
 Tunefootprints
. Initial tests performed
. Order of magnitude looks correct, but no extensive

checks

NB: extensive testing not yet performed due to optics

and radiation troubleshooting ongoing
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Xsuite Developments

 Multipole offsets and rotations inside a
solenoid
* Required for modelling SuperKEKB IR
« Update to radiation handling with slicing
«  Update to thin slicing of previously thick
sliced elements

«  Better modelling of synchrotron radiation

Xtrack 0.72.0 or higher required to use the
SuperKEKB model

v0.72.0

Xtrack version 0.72.0
@ oiadarol re q

Changes:

= Add more general tilts and shifts for multipolar components in solenoids.

« Support slicing of thick-slice elements

Full Changelog:

v Assets 2

Giovanni ladarola
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Outlook: iIBump Feedback Studies

* Further analysis of constant current MD
data once logging information available

» Further historical data analysis
iIBump Vertical Offset Target vs. MG_QCS:GAPR:UPPER-IN

« Simulation —0.290
[
*  With new Xsuite model of SuperKEKB, intend £ _0.202 4 %<
= =k
to do self consistent iBump feedback @ “"SHO
£ —0.294 - R~
simulations ° X
£ -0.296 1
2
j= N
£ —0.298
=0
Q
_0.300 T T T T T T
Upcoming publication(s): 5.0180 5.0185 5.0190 5.0195 5.0200 5.0205 5.0210
MG_QCS:GAPR:UPPER-IN
» Operational Challenges of the SuperKEKB iBump
Feedback System [IPAC25] % Pre-Abort  ——- Pre-Abort Fit: r = -0.9845447450639909

Post-Abort Post-Abort Fit: r = -0.9899561288396956
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Outlook: SuperKEKB Xsuite Model

» Lattice already being used for initial studies
*  G. Broggi results with no-sol lattice for collimation

studies (https://indico.cern.ch/event/1471245/)

« Correction coupling match to use SAD R1, R2,

Giacomo Broggi

R3, R4 natively

. : First preliminary SuperKEKB loss maps y = Dlossits_
- E oss,tot A
¢ Radlatlon an d be am be am benChmarklng « SuperKEKB (LER) beam loss pattern from beam-gas C(?L.J.Iomb scattering interactions: o i

10-*
. | |

- . . e .\‘Jlm\
U pCO m In g p U bI ICatI 0 n (S) « SuperKEKB (LER) beam loss pattern from beam-gas bremsstrahlung interactions:
Tsukuba Nikko Fuji Oha (NLC) Tsukuba
+ Consistent representation of lattices between optics code ==

for FCC-ee, SuperKEKB, and more [eeFACT25]

2500 3000

o 500 1000 1500 2000

* Modelling Optics and Beam-Beam Effects of SuperKEKB e

. . » Flat 1 nTorr pressure profile, Z=7 equivalent gas (from KEKB-SuperKEKB experience)
with Xsuite [l PAC2 5] > Full IR model including solenoid to be added
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for your attention,
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