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Pre-words

Problem 1

Waveguide accelerating structure coupling problems:

How to determine the coupling coefficient B given couping
dimension?

Usually so called Rf expersts use:
Experiments and/or numberical sumulation by computer

T program
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where R; is the metal surface resistance. If the aperture is circular with radius r the attenuation coefficient
- - 3 e ]
should be expressed as o = 2n/A)((4/3.41r)" — 1H)!/2.
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Problem 2
Wakefield problems by a charged bunch in a

H+L|:Ih discloaded structure:
| U U u How to know the wakefields both longitudinal
| N | N | J_{ and transeverse?

Fig. 1. Disk-loaded accelerating structure. {Usually so called acclerator expersts use: j
b\ /R T numberical sumulation bv computer brogram
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Problem 3 Dynamic aperture problems by a wiggler
in a storage ring:

B . How to know the DA by a wiggler?

IN PHYSICS

e bt s R A 51 00020 28 e Usually so called acclerator physicists use:
numberical sumulation by computer program

Analytical estimation of dynamic apertures limited by the
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Problem

4
Single bunch transvers instability threshold

T wemomenrs ~ problem:
e | .y
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and transeverse?
Usually so called acclerator expersts use:
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Basic theroy of dynamic aperture in circular accelerator-1
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Basic theroy of dynamic aperture in circular accelerator-2
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Nonlinear beam-beam effects-1 (e+e-)

Bsseti-Erskine formula for beam-beam induced
transverse kicks
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J(x,y,0x,0,) can be expressed by Basseti-Erskine tormula [9]:
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where w 1s the complex error function expressed as

w(z) = exp(—22)(1 — erf(—iz)).
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Nonlinear beam-beam effects-2 (e+e-)
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Nonlinear beam-beam effects-2 (e+e-)
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Nonlinear beam-beam effects-3 (e+e-)
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where Py = d_\'f ds and Py = dll'.f'J ds.
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Nonlinear beam-beam effects-4 (e+e-)
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Table 1
Summary of multipole coefficients
m 4 6 8 10 12 14
Comr 16 192 3072 61440 1474560 41287680
Conrbix 3 30 420 7560 166320 4324320
Conriy 3 20 168 1728 21120 299 520
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Nonlinear beam-beam effects-5 (e+e-)
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Nonlinear beam-beam effects-6 (e+e-)
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Obviously, the normalized beam-beam effect limited dynamic apertures are determined only by the beam

beam tune shifts. The impact of this discovery will be more appreciated later. When the higher order
multipoles effects (2m > 8) can be neglected, Eqs.(25)(27) give very good approximations dynamic
apertures limited by one beam-beam IP. If there are Njp interaction points in a ring the dynamic apertures

described in Eqs. (25) and (27) will be reduced by a factor of \/Nyp (if these Njp interaction points can be
regarded as idependent).
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Nonlinear beam-beam effects-7 (e+e-)
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Nonlinear beam-beam effects-8 (e+e-)
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Nonlinear beam-beam effects-4 (e+e-)

More generally, one has
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Parasitic crossing beam-beam effects
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Beam-beam effects with crossing angle

PEP-TI

PC A collider with crossing angle

PCl
~ . /
) ” B betax = Aﬁyrl—hulu,.r(*‘f}z _ 2 | 2
/ ~ “ syn-beta,x J_r(.‘-'\]'j 372 ;:-:p
| T

where @ = (0./0,)¢ is Piwinski angle.

J. Gao, “Analytical estimation of the effects of crossing angle on the
luminosity of an e+e- circular collider”, Nuclear Instruments and Methods in
Physics Research A 481 (2002) 756—759

J. Gao, “Analytical treatment of the nonlinear electron cloud
effect and the combined effects with beam-beam and

space charge nonlinear forces in storage rings”, Chinese Physics C Vol. 33, No.
2, Feb., 2009, 135-144



Available online at www.sciencedirect.com NUCLEAR

. INSTRUMENTS
scnzuc:@mnzc‘r & METHODS

IN PHYSICS

e R RESEARCH
ELSEVIER Nuclear Instruments and Methods in Physics Research A 533 (2004) 270-274 S— i (v B
www.elsevier.com/locate/nima

Emittance growth and beam lifetime limitations due to
beam-beam effects in ee~ storage ring colliders

J. Gao*P*

Laboratoire de L' Accélératewr Linéaire, IN2P3-CNRS et Université de Paris-Sud, B.P. 34, 91898 Orsay cedex, France
®Stanford Linear Accelerator Center, Stanford University, 2575 Sand Hill Road, Menlo Park, CA 94039, USA

Received 23 January 2004; received in revised form 28 May 2004; accepted 10 June 2004
Available online 28 July 2004



%

Iy

;? ﬁ{ﬂ“ F "
Fo< & - I E F e
=y == & pmax.em.flat F OnRNp Y

F., >1,is afactor describing crab-waist effect

or, in general case, one has
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where /i is a constant used to quantify how the
denominator in Eq. (11) is approaching to zero,
defining Ho = h#y, onc has Hy ~ 2845, which
is not a derived value, but obtained by com-
paring with experimental results, R i1s the local
dipole bending radius, and F is expressed as
follows:

= 755 1+ (H—) . (18)

The subscript em in Eqgs. (16) and (17) denotes the
emittance blow-up limited beambeam parameter.

When g, = ﬁ},J* one has F = 1.
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Discussion on CEPC interaction point number N,

Sum lumnosity of N,/ luminosity of single IP

- N




Conlusions
1) Theoretical understanding of nonlinear motion in accelerators are very
important

2) Analytical formulae of dynamic apertures and beam liffetimes due to
beam beam nonlinear effects in circular colliders have been established

3) Aanalytical formulae have find their applications in real machine designs
and analysises

4) Increasing interaction points will results in decreasing beam beam
limited dynamic aperture and beam lifetime and limiting the sum

luminosity of N

5) It is not recommended to have more IPs than 2 for CEPC
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