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First step in designing a synchrotron or storage ring: choose the
lattice, i.e. an optimum pattern of beam guiding elements

At this stage, ideal magnets are considered: ldentity between magnets
Non-linearities are ignored

In practice, the ideal desired distribution of the magnetic field cannot be
obtained (pole truncation, fringe and remanent fields, machining and
assembly errors, environment, alignment, power supply fluctuations,....)

Achieving target performances  luminosity for a collider
brilliance for a light source
number of particles for a synchrotron
requires very tight tolerances on the magnetic field
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Magnet tolerances are derived from their effects on beam dynamics,

taking into consideration their feasibility and cost implication

Machine Magnet imperfection s Cures
parameters dipoles | quadrupoles | sextupoles | dipoles | quadrupoles
Closed orbit errors
<ABL/BL> shimming :
< AX > <AX> :
AX <As,> AXq sorting alignment
<Az,> : :
<Ay > <A> <Az,> alignment | alignment
. < > '
Focusing errors <An> AGL/GL <AXs> s_,ortlng
<Asy> alignment
: <Az,> <AzZ,> : :
<Az.>
Coupling errors <A <A AZ. alignment | alignment
NO”"'F‘ear systematic and random multipoles
behaviour
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Generally balanced between the different contributions,

unless one is dominating

ESRF LEP MIMAS
Field
<ABL/BL> 510* 510 5.10%
sextupole 510°@25 mm |2/-5 10°@59 mm
decapole 210°@25 mm | 1.3 10°@59 mm 0.3 mrad
<AGL/GL> 1.0 10°® 1.3 10“@59 mm 5.0 10
octupole 510°@32 mm | 510“@59 mm
dodecapole 510°@32 mm | 110°@59 mm
Alignment
<AXo> [ <AZy> 0.1/0.1mm 0.1/0.2mm 1.2/0.6 mm
<A@.> 0.2 mrad 0.1 mrad 0.3 mrad
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Bending field matched o {erfections b, the | |\ 4 pla A 4

some ideal momentum p,

guide field can distort
this orbit vV Dﬁh vy

Quadrupole displacements

ty =kly = kl(quuaol +Yp 1‘

I -
Ay closed orbit KIAY quaq + Ky g
]
ad *
quadrupole of di .
ole kick
strength k and P
length |
P . . . — GCO
Amplification factor: A—G
guad

A~100 = o6, = 10 mm for 6,4 = 0.1 mm
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Machine side

€ Eats up available machine aperture
The size of the vacuum chamber and magnet aperture could
become uneconomically large if large distortions are allowed

€ Cause the particles to pass off-centre through the sextupoles

Z A B,=2Hxz
)\fé B,=H(x"-2) Orbit distortion
from x=xg+X ,z2=2Z r.
2onz+2sz

7 e ( "X BamHot s 2HRox +H(E-2) Random quadrupole effec

c.0 in multipole of order n generates multipolar
order <n

€ Generates coupling errors Bearn size and emittance blow-up
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User side
Beam motion is detrimental to beamline performance

Intensity changes degrade measurement resolution
Mis-steering can miss sample

Time \/rlr/JrJJ closed orbit errors displace the bearn’s centre of mass
The cnhange in position or angle is equivalent to an enlargement of the
peam emittance -

time varying
effective emittance closed orbit
> X Usual tolerances:
heam emittance 10 % of beam size and

divergence
2 2 2
Ceff =Of +O0co ~” &
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Basic specification: after passing through an ID, the beam should return
to its nominal orbit = [Bds=0

0.12+0.08 G.m
0.40 £ 0.2 Gm?

0.15+£0.1 G.m
0.60 £ 0.3 Gm?

Normalised rms size and divergence growth

Courtesy of J. Chavanne (ESRF)
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Example of in-situ shimming to correct field integrals
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Parasitic focusing strengths are mainly induced by gradient errors in
guadrupoles and horizontal mis-positioning of sextupoles

v

€ Excitation of resonances
and stop-bands limiting the
allowed region in the tune
diagram

Stop-band width Av=< A?GI' >

Any particle whose tune lies in the stop-

band locks into resonance and is lost

A. Ropert, ESRF



€ Modulation of B-functions =  blow-up of beam sizes
reduction of dynamic aperture

Dynamic aperture = boundary of
stable motion in the x-y plane

Must be large enough to accommodate

and Coulomb or Touschek scattered
particles

Otherwise  poor injection efficiency

the oscillations of the injected beam|t:.."”"

0.006

D I 1 1 1
-01 -0.08  -008  -0.04  -002

X ()

I 1 1 1
n.oz 0.04 0.06 0.0s 0.1

short lifetime
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Achieving design emittances and beam sizes is a key issue for a
number of machines. This can be spoilt by many factors.

Blow-up of the horizontal
emittance due to the proximity
of quadrupolar errors and / or
an imperfect closed orbit
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The vertical emittance, which is null in e

a perfect e machine, is generated by -

several sources of imperfections:
dipole or quadrupole rotation errors - e,
closed orbit distortions S 7 11t S 1 P =)

—— 100 T Ez- (ID4) (¥)
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Multipolar field errors present in the guide field drive resonances

The order of the resonance is related
to the order of the multipole

The width of the stop-band depends
directly on the strength of the error

errors rmust pe small enougn to
Jeave clear space between tne siop-
pancls

'_l
:_

Otherwise particles will be lost during
acceleration or storage
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Effect of the correction of a third-order resonance driven by
sextupoles
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Magnet field quality is critical in most modern accelerators

Precise magnetic measurements are essential to

uneck whether magnets are within accelerator tolerances

Provide data for modelling the effects of errors on the beam
and defining corrections

Set fiducial marks for precise alignment
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