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Magnet tolerances study

¢ Dynamic aperture and COD
& Tune precision and excursion

< Correction scheme
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Spiral FFA

® Fixed Field alternating gradient Accelerator
option for ISIS-II

® DC magnets

® High longitudinal dynamics flexibility
(repetition rate, several target stations)

® FETS-FFA ring: proof of principle for high
power pulsed operation

Scaling FFA field law:
: K ! :
B=B, — F !! tan"In —
0 o

with Bo=B(ro), k: geom. field index, ! : spiral angle
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Magnet specifications

® Magnet tolerances come from machine specifications:

® Tune excursion and tune precision 10 times smaller compare to space
charge tune shift (~0.1).

® Dynamic aperture retained to avoid uncontrolled losses (less than
10% dynamic aperture degradation).
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Estimation of error tolerances

Tune change !Q as a function of !

quadrupole gradient error Ik ¢q: ! Q = 41! | kq"ds
Quadrupole gradient kg
: 1 kBo
as a function of k-value: kq = =7
 To

Numerical application in our case:
lk =0.1" 1Qr=0.0171Qv=-0.010
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Alignment study

® Translation error: direction of the
displacement randomly and uniformly
chosen 3D, gaussian amplitude truncated 5
s1gmas

® Rotation error: gaussian rotational error
centred around a uniformly randomly
directed vector passing by centre of the
doublet. Rotation rms value corresponding to
the translation displacement of the corners of

the doublet.

® For each rms error value, 1000 lattices were
generated.
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Magnetic field error study

® Randomly change the k-value and spiral angle changes for each magnet
following a gaussian distribution with null mean truncated to 5 sigmas.

® The change in k-value creates a field error ! B! By! k" Bg! K _clo ;

which triggers a COD that affects the dynamic aperture. 0

® For each rms error value, 1000 lattices were generated.
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DA & COD (Alignment study)
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COD & DA (field error study)
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Correction scheme

® Trim coils in the main magnets can
be used to correct local horizontal
COD and local k-values if magnets
are separately powered.

® Ditficult to correct vertical COD
with uniform horizontal field. The 1 I 1 TT 11 T
plan will rely on alignment
requirements and field error
requirements to limit vertical COD.
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Example of idealised corrected COD

— uncorrected
—  corrected

® BPM position

A

2 3
azimuthal angle (rad)

| Correction applied based on BPM position (preliminary) JBLagrange u




Magnet tolerances

< Tolerances for ring COD of less than 1 mm:
“AB < 0.1%
< Magnet alignement < 0.5 mm

& Tolerances for ring tune variation of 0.01 from lattice design:
Ak < 0.04

Al <0.2 deg
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Magnet prototype

& Scale-down parameters

(;fi:Magnet design

< Power supplies and field measurement system
“Manufacturer

< Experiment plan
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Magnet prototype

Full scale prototype not feasible in the timeframe available due to project
constraints.

I Scaled down single radial sector magnet designed and manutactured
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Magnet prototype scope

® Develop skills internally to design and build FFA magnet.
® Establish a method to control the magnet.

® Benchmark measurements with FEM model.

® Investigate correction scheme.

© Limitations:

® Spiral effects of the magnet (manufacturing process of spiral nested coils, edge
correction) ! Manufacturing a set of spiral nested coils as a separate project.

® Saturation effects not visible in normal operation mode ! Short test on the
prototype with high currents to benchmark simulations.
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Scale down prototype

FETS-FFA Scale down
Magnet type Doublet Single
Shape Sector spiral C-shape (30°) Sector radial C-shape
GFR 4.26 m to 3.54 m (720 mm) 1.189 m to 1.411 m (222 mm)
Momentum excursion X2 X2

Full Iron gap 112 mm 42 mm
Length/gap 1.4 (D), 2.7 (F) 5
Field strength ~1.2T 1/3 scale

[ron weight 15 tonnes 0.6 tonne
Field gradient Flat pole with overlapped trims Flat pole with overlapped trims

Number of trim coils 80 (doublet) 36
k-value 6—9 6—9
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(Dimensions in mm)

k=6.0874 k=7.7165 k=8.7484

‘v‘ !“
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Max field for different cases

currents

k=6.0874

K=7.7165

k=8.7484

1200

1250 1300
radius [mm]

1350

main [A-turns]
trim 9 [A-turns}
trim 8 [A-turns]
trim 7 [A-turns]
trim 6 [A-turns]}
trim 5 [A-turns]
trim 4 [A-turns]
trim 3 [A-turns]
trim 2 [A-turns]
trim 1 [A-turns]

2263.99
570.30
493.28
441.68
391.77
347.48
306.68
270.67
234.10
259.58

1398.81
0.00
6/77.34
569.17
487.52
415.82
352.19
300.08
239.20
446.03

1728.04
0.00
0.00

763.68
610.19
509.83
421.50
347.68
283.39
257.02
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Opera model

-200 =100 O 100 200

Bottom view Side view Top view
with clamps
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Trim coils details
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Mechanical model

® Main coil: 6x4 windings of hollow-
conductor (7x7 mm, 3 mm ! )

® Trim coil: 6x1 windings of hollow-
conductor (5x4 mm, 2 mm ! )
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Tracking lattice

“" field map
fit

Full Enge fit

7.7
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/.66
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= field map r [m]

fit

Tanh fit

® Tracking lattice requirements: FODO, no field
overlap, stable optics

® From Opera field map, k=7.66,
Enge Ci=(0.49, 2.70, -0.46, 0.95).
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FODO lattice

® Cell opening angle 30°
©F /D ratio = 1.4339 : 06 04 02 0 02 04 06 08 1 12
y [m]

© k=7.66

® Cell tunes = (0.388, 0.191)

=
j
()
>
an]

® Ring tunes = (4.66, 2.30)

® Momentum range x2 (160 keV - 650 keV)

15 20 25 30
theta [deq]
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Clamp modification

OPERA 3D field maps
o éepérétedl clémbs e

connected clamps -

: r=1300 mm |

< At the moment, clamps are 0.05| |
separated from the pole |
0.1}
& Connection of the clamps to the pole E 01
would allow to have a better control ~ ~ |
of the fringe field shape 0.2}
< Not a big effect, so not a priority at 0.2

the moment

03,
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Power supply units

® 10 spare Danfysik PSUs given by ISIS PS group (free)
©1 PSU for main ring

© 9 PSUs for trim coils

® Water-cooled PSUs, specific racks purchased
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Magnetic measurement
system

® Diamond purchased magnetic measurement system with 2 benches (3m
and 6m long), installed in R79 with available water cooling in the
building.

® Insertion Device Lab (Diamond) agreed we could use their spare bench
for measurements
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Controls

© EPICS based controls

® Basic commands to control and monitor the PSUs, and safety interlock
systems (water leaks)
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Manufacturmg process

(wSeveral manufacturers contacted, Tesla
Eng. chosen, contract signed in July 2024.

& CAD model done by Tesla.

& Trim coils wound by hand (too small
hollow conductor), and main coils
wound by machine in Jan 2025.

< Pole and yoke cut and assembled in
March 2025.
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Prototype delivery in April 2025

Successful manufacturing of a prototype within the
available time frame
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Experiment plan

® Build a control system to power the magnet with ISIS Controls group

® Measure magnet with nominal settings for each configuration (field
strength, k-values)

® Benchmark these measurements with OPERA model.

&

® Create Jacobian matrix of change in fields for each power supply.
® Perform tracking in the created field maps

® Investigate local correction scheme efficiency (COD and k-value)
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Thank you for your
attention
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