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PETRA IV Cell Layout
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H6BA with cell length of 23.0 m

In total 38 magnets (+8 coils for correctors) in each H6BA cell

• 6 (longitudinal) gradient dipole/quadrupole permanent magnets (gap 12.5 mm @ x = 0 mm)

• 17 quadrupole magnets (bore radius 11 mm & 12.5 mm)

• 6 sextupole magnets (bore radius 12.5 mm)

• 4 octupole magnets (bore radius 12.5 mm)

• 5 fast/slow corrector magnets, x- and y plane (bore radius 12.5 mm)

• 4 orbit correction coils + 4 skew quadrupole coils on SD sextupoles

DLQ1 DQ2
DQ3 DQ3

DQ2 DLQ1

SDA/SF/SDB
SDB/SF/SDC

FC FC FC FC
FC
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Distances between Magnets (1)
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Girder A

DLQ1 DQ2QD0 QF1 QD2FC QF3 SD1AQD4ID

47 mm75 mm 79 mm 89 mm 47 mm 47 mm 75 mm

→ Smallest distance on girder A is between quadrupoles and DLQ/DQ with 47 mm 
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Distances between Magnets (2)
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Girder B

QF8FC FCDQ3SD1BSF1OD1 OF2QF5 QF6 QD7

75 mm 75 mm 58 mm 94,5 mm 86,5 mm67 mm 67 mm 75 mm

→ Smallest distance on girder B is between quadrupole QD7 and DQ3 with 58 mm 
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Cross-Talk Simulations

• Several different configurations of interference between magnets needs to be investigated 

(different magnet types, currents and distances)

• Probably the strongest effect is the interference between quadrupole and longitudinal gradient 

dipole with only 47 mm distance

• But: conventional magnets are computed with OPERA-3D and the permanent magnets with 

RADIA; for interference simulations conversion of models necessary

• Questions: 

• Is the linear optics correctable (quadrupole fields of the PM can’t be changed)?

• How large is the change of the dipole field (no other changeable main dipoles in the lattice)

• How to model the cross-talk in the lattice?

• So far there is only data from interference between a fast corrector and adjacent quadrupoles
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Waiting for more data from simulation of magnet interference…
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Cross Talk between PQB-FC-PQC
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Fast Corrector between Quadrupoles in Triplet 

Fast 

corrector
PQB PQCPQA

QD0 QF1 QD2

DLQ1

FC

75 mm 79 mm 79 mm 47 mm

ID

Pole-to-pole distance of FC to adjacent quadrupoles is 79 mm

Combined fast/slow corrector

for x and y-plane 

based on APS-U design
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Cross Talk between PQB-FC-PQC

Cross talk simulations (static field) of fast corrector between quadrupole 

magnets for four cases (A. Aloev):

1. PQB alone (and on)

2. PQC alone (and on)

3. FC alone (and HCM on)

4. PQB-FC-PQC assembly

a) FC (HCM) on, quadrupoles off

b) FC (HCM) on, quadrupoles on

Quadrupoles on = nominal strength, FC on = HCM max kick, VCM off

• Computation based on 2D-multipole data vs. z with longitudinal

spacing of 1 mm up to harmonics 22 for rref=7.9 mm:
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Field Calculations for different Configurations

Fast 

corrector

PQB

PQC
Case 1:

Case 2:

Case 3:

Case 4:
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Vertical Dipole Field

• Reduction of effective field length of fast corrector if quadrupoles are nearby

• Some dipole field of FC leaking into quadrupoles → for PQC larger effect

| 1.12.2022 | Joachim Keil

Impact of Quadrupoles on FC field

ZoomFull vertical range

PQB

PQC

FC

By / T By / T

without 

quadrupoles

with 

quadrupoles

PQB

PQC
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Vertical Dipole Field

Change of field integral:

• FC alone:   ∫Byds = 18.075 T*mm

• FC+quads: ∫Byds = 17.313 T*mm

• FC alone:   θx = 0.902 mrad

• FC+quads: θx = 0.864 mrad, 95.79 %

• Reduction of kick strength by 4.2%

• Peak field unaffected; cross-talk produces 

distributed dipole fields with opposite polarity near 

the edges of the quadrupoles

• Add virtual thin dipoles with negative polarities at 

PQB/C edges in lattice file to model this effect?
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Field Integral of FC with and without PQB/PQC

PQB PQCFC
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Quadrupole Field

• Reduction of PQC field if FC is 

installed – but no field reduction 

for PQB!
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Impact of FC on Quadrupole Fields

ZoomFull vertical range

PQB

PQC

FC

Reduction

of field length

g  / T/m
g  / T/m

• Reduction of field length of PQB/C 

• No quadrupole field in FC

PQB

PQC

FC
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Quadrupole Field
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Field Integral of PQB and PQC w and w/o FC

• PQB alone: ∫g ds = -39.853 T

• PQB+FC:    ∫g ds = -39.834 T, 99.95 %

• PQC alone: ∫g ds = 13.836 T

• PQC+FC:    ∫g ds = 13.722 T, 99.18 %

PQB FC

PQCFC

PQC field

weaker with FC

PQB field unaffected

with FC 

PQCPQB

Model with

thin quad?

Model with

thin quad?
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Sextupole Field

• Fast corrector has sextupole 

component of b3 = 2.5 units

• Adding quadrupoles produces also 

sextupole field component in nearby 

quadrupoles

• If the quadrupoles are switched on 

the sextupole field in the quadrupoles 

is reduced

• PQB and PQC show different behavior 

although they have the same distance to 

the FC

• Reason: Different saturation of PQB and 

PQC?
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Sextupole Fields generated by FC in Quadrupoles

PQB PQCFC

g’ / T/m2
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Octupole Field

• In the full assembly of PQB-FC-PQC  

with all magnets powered a localized 

octupole component appears at the 

exit side of PQB

• But does not appear at the entrance 

of PQC, why?

• Seems to be a real effect above the 

numerical noise of the OPERA-3D 

simulation
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Octupole Field generated by FC in Quadrupoles

PQB PQCFC

g’’ / T/m3


