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INTROUDUCTION

 In storage ring colliders, the long-range beam-beam
effect could be a major factor that reduces the beam
lifetime and limits the luminosity.

 For localized long-range beam-beam perturbations, the
wire compensation could be an effective means to improve

the dynamics of beams.

1 In the case that many parasitic collisions are distributed
around ring, no effective compensation scheme 1s currently
available to compensate such non-localized long-range
beam-beam perturbations.
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SOLUTION for a compensation of localized or

non-localized long-range beam-beam perturbations:

Global and Local compensation of long-range beam-
beam interactions by using multipole correctors based
on a minimization of nonlinearities in one-turn or/and

sectional maps of a storage ring collider.

Two Possibilities For Obtaining One-Turn or Sectional Maps:
1. design lattice and measured field errors

2. measurement of maps with beam-dynamics experiment

: Beam-Based Compensation




PRINCIPLE OF THE COMPENSATION WITH MAPS

Without Beam-Beam Interactions:

Dynamics of beams can be described by a one-turn map or a
groups of sectional maps that contains all global information of
nonlinearities in the system. By minimizing nonlinear terms of the
maps order-by-order with a few groups of multipole correctors,

the nonlinearity of the system can be reduced locally or globally.

With Long-Range Beam-Beam Interactions:

In general, the beam separation at parasitic collisions 1s much
larger than the beam size. In the phase-space region occupied by
beams, the long-range beam-beam interaction can be expanded
into a Taylor series at the beam separation and included into the
maps for the compensation of the nonlinearity of the system.




TESTING MODEL: LHC Collision Lattice

* Two IPs (IP1 and IP5)
* 15 parasitic crossings on each side of an IP

« All multipole field errors up to 10™ order in IRs,
mixed configuration for insertion quads (MQX)

* Crossing angle = 300 urad with vertical crossing at IP1
and horizontal crossing at IP5

* (Vy vy)=(0.31,0.32)




Layout of the Correctors in the Study Model

4 Groups of Correctors in Arcs 4 Groups of Correctors in IRs
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FORMULAS FOR THE MINIMIZATION OF
NONLINEARITIES

Long-range beam-beam kick,
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The Taylor expansion of Ap,
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4-dimensional one-turn map:
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Postulation:
The nth-order nonlinearity in a one-turn map can be char-

acterized by the magnitude of its nth-order coefficients defined
by
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With a few multipole correctors, {\, | n > 2} can be mini-
mized order-by-order and, consequently, the nonlinearity of the
system including long-range beam-beam interactions and multi-
pole field errors will be reduced.
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Linear Lattice Correctors In Arcs

3 A,: With Compensation

Aon: No Compensation

. £=0.02
. ¢=0.01

: £€=0.0068
: £=0.0034

* Percentage reduction of A is independent of ¢ .

* Reduction rate of A decreases when n>5 due to the difficulty
of optimization in a large dimensional parameter space.




’Jﬁin.

I,
(il
e
gt

Both global &
local multipole

compensation
eliminate the
tune spread due
to long-range
beam-beam
interactions.
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1 The reduction of Linear Lattice
DA over ¢ is much
slower after the
compensation.

with multipole
] When the original ompensation

DA is larger than 9c,

that is the average
beam separation at
parasitic  collisions, without multipole -

. ) compensation -
the compensation is

no longer effective in
the increase of DA
because the Taylor
expansion of LRBB is
no longer valid in that region but it still improves the linearity of the phase-
space region relevant to the beams.
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Improvement of DA becomes less pronounced when n>4. This indicates that

the 3rd-/4th-order nonlinearity dominate long-range beam-beam interaction.




Emittance Growth in Linear Lattice
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(a) Without Compensation, Linear Lattice, £=0.0034
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(b) Without Parasitic Collisions, Linear Lattice
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(a) WithoPt Compenslation. l..ineelnr Lattice, .fl=0.01
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(c) With Correctors in Arcs, Linear Lattice, £€=0.01

The multipole compensation eliminates the effect of long-range beam-beam

interactions on the emittance growth.




Emittance Growth v.s. Beam-beam Parameter
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- Linear Lattice
- At the 5X104h turn

The compensation
improves the
linearity of phase-
space region near
the closed orbit

even when the

original dynamic

aperture is larger
than9c.




Compensation in
Nonlinear Lattice

50 samples of LHC
collision lattice without or
with the compensation of
long-range  beam-beam
interactions. Head-on and
long-range  beam-beam
interactions in IP1 and
IPS are included. The
number in each block
identifies each random

sample.

£ =0.0068
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Distribution of Cases

No Compensation
Average DA=6.5c
Minimal DA =5.7 ¢

Global Compensation
Average DA=89c
Minimal DA =8.2 ¢

(9]

Local Compensation
Average DA=8.8c
Minimal DA =8.2 ¢

Dynamic Aperture (o)




Emittance Growth in Nonlinear Lattice
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(d) With Correctors in Arcs, Nonlinear Lattice (C) With Correctors in IRs, Nonlinear Lattice =
£=0.0068 ¢=0.0068 i
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Due to a simultaneous compensation of nonlinear field errors in lattice
and long-range beam-beam interactions, the emittance growth after the
multipole compensation is smaller than that without long-range beam-
beam interactions and the compensation.




CONCLUSIONS

] With a few groups of correctors, nonlinear terms in a one-
turn/sectional map including long-range beam-beam interactions
can be minimized order-by-order and, consequently, the linearity
of the phase-space region occupied by beams can be improved.

] The unique features of this compensation scheme include:

(a) long-range beam-beam effects due to localized or/and
non-localized parasitic collisions can be controlled;

(b) the overall nonlinearity in a system including long-range
beam-beam interactions and nonlinear field errors in lattice
can treated systematically with a same group of correctors.

1 If a one-turn or sectional map can be measured in beam-
dynamics experiments “accurately”, this compensation scheme
can be used for a beam-based compensation of nonlinearities.




