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Motivation for BBA

» High demands on accelerator optics BN Bend MMM Quadrupole EEE Sextupole

. Around 80 km arc section AR R ENEEENEEEEEE

----- BxGHC -~ B,GHC —— B,LCC —— B, LCC

* Focus on arc quadrupole BBA € 1751 A
o <150} 2
* Use BBA to relax mechanical alignment & i
tolerances for quadrupoles and sextupoles ~ § '*°]
£ 100
* Reduce effective misalignment by steering ' -
beam towards centre of magnets @ (\/ \ ‘
sof// M N MY SNC WV LV AT
« Parallel BBA for fast offset estimation O

* 2 proposed lattices GHC and LCC 0 100 200 300 400 500
Position s [m]
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BBA Approach

_ _ _ Dipole component of quadrupole field
+ Compensate kick of dipolar field components A
using orbit corrector 1//

» Variation of quadrupole strength

* Leads to different kick and different corrector
strength — Keep orbit constant

Dipole component of quadrupole field

A
M

* Magnet offset proportionality factor between
quadrupole and corrector strength

* Lower accuracy expected if fields do not > .
overlap

[
L)

Dipole field of orbit corrector
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Simulation Settings = o oo s

----- BxGHC - B,GHC —— B,LCC —— ByLCC

175+

« Xsuite simulation using 51 seeds 1ol

« GHC and LCC lattice (V24 _3)

Beta function By, , [m]

* High B* optics
«  B* 33cm (30 cm) for GHC (LCC)
«  BYy 7mm

* Arc quadrupole misalignment of 100 ym 0 100 200 ions 28 400 500
standard deviation

) Quadrupole Strength in Tm-! Length in m
* 1pm BPM noise family GHC LCC GHC LCC

« BBA for one focusing and defocusing QD3 -1.451 -2.071 2.90 1.86
family

QF4 1.451 1.709 2.90 2.40
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FCC Corrector Layout Options

Horizontal

Vertical (and

Quadrupole Trim windings horizontal)
Sextupole Trim windings Horlzontal e
vertical
Dedicated Horizontal and
Corrector magnet :
magnet vertical

Christian Goffing — BBA for FCC-ee and beam test at KARA

No additional
space
required

Easier
magnet
design

Contribution of
higher order
magnet field
components
and possible

shift of
magnetic
centre

Additional

space required
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FCC-Week 2025

(O Feo
. 30 H
* Modulation of every 31 LCC: & Horizontal Vertical
magnet . GHC: --§-- Horizontal --4- Vertical
. . =i / 1
* In vertical plane parabola like £
curve with optimum ° /
$ 20 I
wn !
« Lower amplitudes better in & /
horizontal plane ; 15
« Amplitudes for highest < I [/ }
accuracy: 3 10 ™ A AT
« around 0.5 % (GHC) < N S I
« around 1% to 1.5 % (LCC) g Bommmommee e +* i S O §
Drveeereeesrneneenes Fes TITTTERRRREEREEECC peemereemener @ .................
0.25 0.50 0.75 1.00 1.25 1.50 1.75
Amplitude of quadrupole strength modulation [%]
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Dependence on Magnet Selection

Variati ¢ b q - Bl Quadrupole HEl Sclected Quadrupole for BBA
. ariation of number an =
distance between modulated E ‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ | ‘ ‘ | ‘
uadiupoles ST T T T T T T T T T T T
(@]
Q
o
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o
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O
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0 200 400 600 800 1000 1200 1400

Position s [m]
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Dependence on Magnet Selection

R . . 25_
Modulation amplitude LCC: Horizontal Vertical

Horizontal }  Vertical
* 1.25% for LCC

m]
HEH O

N
o

* Modulation of all magnets of a
family (or every second for
GHC) in an arc section has a
much larger errors

=
(9]

* Up to 30 magnets could be
modulated simultaneously

(-
o
——g—H
+Eb—H
BH—p<t

RMS BBA error per seed [u

Ul
NSy =
85—
i}

* Optics changes could limit ]
magnet number and 5 2 3 0
modulation amplitude

1st ond 3rd 4th 5th gth 7th
Variation of every ... quadrupole of a family
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Optics change during BBA

° OptiCS changes pOSSibIe % Beta beating h ©  Tune shift h [0-175
limitation for number of magnets } Beta beating v ¥ Tune shiftv
and modulation 40 0:450
10.125
* GHC lattice with 10 seeds = 30
E. | 10.100
« Tune shifts decrease with fewer = , : £
modulated quadrupoles % 20{ 10075 §
. g T 10.050 F
« Beta beating depends on magnet
selection z 10 i I s 10.025
«  For every, every 3 and 7t low : ! % %
beta beating due to favourable . J ' ' L 1 0.000
phase difference 0
«  Every 5t equal to unit cell of . l —0.025
|att|ce 15t 2nd 3rd 4th 5th Gth 7'th
*  Large beating for every 2" or Variation of every ... quadrupole of a family

multiples thereof
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Impact of Corrector Location and Sextupoles

* Vertical BBA for GHC lattice 35
5 Separate, w/o sexts
. =7 Nested, o sexts
* Nested correctors in 30 w/o sex
uadrupoles Separate, w/ sexts
q Nested, w/ sexts
n 25 [6oo]
* Separate correctors 10 cm 3
behind quadrupoles 4
‘-l5 0- DOOOOOC
«  Sextupoles turned off or with 2 .
nominal strength do not £
change the BBA accuracy = Lol
* Accuracy decreases with c \\t
larger distance between )
quadrupole and corrector 0 o T O | . ! . .
0 1 2 3 4 5 6 7 8 9

RMS difference between applied and estimated shift [um]
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KArlsruhe Research Accelerator (KARA)

Double bend achromat lattice

* 5 quadrupole families
* 8 magnets in each family connected in series
* 3 horizontal focusing
* 2 horizontal defocusing

BPM

BPM
_ BM
BPM
N /H/; 0
i BPM
SHQ I BM- Q405

— e |}
4.;;'_'_'_'_;_;——— J:dj .

LI

BPM

Orbit correctors
e 28 horizontal
e 16 vertical

39 beam position monitors

Execute BBA for Q1 family located between
h and v correctors

Q5 Q \é‘
iy

BPM
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Beam test at KARA EUR®:LABS

EUROPEAN LABORATORIES
FOR ACCELERATOR
[ BASED SCIENCES

N
o

*  Proof-of-principle Measurement

df 1st znd

N

o

'
—o—

* Variation of strength of whole
magnet family

o
[

» Use orbit correctors close to
selected magnets for orbit
correction

I
N
o
e

Horizontal magnet offset
relative to beam [um]
HOH
O

N
o

Measurement
(} 1st 2nd

¢

*  Onefill

N
o
—o—

*  Multiple measurements with
different modulation amplitudes

o
a
2

Vertical magnet offset
relative to beam [um]
HEH
SO
KA

|
N
o

« Offset reproduction within 20 pum

1 2 3 4 5 6 7 8
Number of magnet



O FCC FCC-Week 2025 Christian Goffing — BBA for FCC-ee and beam test at KARA

Beam test results EUR®-LABS

J EURDPEA L BOQ TORIES
[ E H S(E (lS

Requirements for BBA 40 —— Before —— After 158 —— After 2"
E
« Large orbit change for good orbit SE 20 ﬂ /\
correction *gi ol \ ~ [\ /\ /~
8% AV U U VA 0\
* Small strength variation to £ -20
minimise optics changes _40.
* High BPM resolution >0
= 25
« Corrector magnets located close § E & /\ N
to quadrupoles S \/\// \ /\/ \/
5o -25
3
« Different BBA results if orbit 500 Before  —— After 1t —— After 2nd
drifts due to the estimation of the

quadrupole offset relative to the 0 20 40 60 80 100
beam Position in m
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Summary and Outlook

* First BBA simulations with smaller Further studies using

misalignment «  Realistic misalignment of dipoles,
guadrupoles, sextupoles, girders and BPMs
«  For FCC target accuracy of 10 ym to 20 um Different orbit corrector locations

seems achievable « Different quadrupole selection for BBA

. Similar accuracies for GHC and LCC BBA for quadrupoles in interaction regions

achievable Sextupole BBA

* Tuning parameters:
+ Magnet selection
*  Modulation amplitude

* First proof-of principle test at KARA
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for your attention,
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