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Circular colliders
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Colliders

in operation:
LHC pp,PbPb | 7 TeV, 2.8TeV/n 11 1034 cmr2st, 11 1077 cmr2st
RHIC pp,AuAu | 250 GeV,106GeV/n | 11 103%2cm2s?, 1.9 1077 cnr2st
DAFNE e"e 0.5GeV 4] 1032 cmr2s'
BEPGII e'e 1.89GeV 71 1032 cmr2st
VEPR4M e e 5.5GeV 21 1032 cr2st
VEPR2000 e e 1GeV 11 1032 cnmr2st
under construction:
SuperKEKB et e 41 7 TeV 8 10%5 cnr2st
NICA AuAu 4.5GeVin 11 10?7 cmr2st
stopped:

AdA (1961)1 first collider (¢,e)
ISR (1971) first hadron collider (pp)
SLC (1988)i first (and only) linear collider

LEP (1988)i highest energy*ee collider (104.6 GeV)

HERA (1992)i first (and only) electromon collider
KEKB (1999)i highest luminosity collider (2111034 cnr2st)

+ 19 others




Luminosity

Number of events per second: N =L &

process

L=2nfcn Az S-c) 5(Xx zs +t dxdzds

X,Z, St

For Gaussian distributions, r(y) = 1 e 259
nonequal beam profiles: syx/2 P
N.N,n, 1 y=%45S

| =
2[4+ 5) 25+ L

How many interacts?

L Q process __ 1032CH.I- ’ S-ldo = Cfo —_
f, 12A0 Hz

~10%
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Compare to N

bunch

Other particles do not interact with each other but with opposite bunch field



Linear beam - beam effects

Linear focusing

Beambeam force for Gaussian
bunches A~

~
% T |
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ge -g,Sin 4n cos ,/”7 , 8n | gm 1 9
The sign depends
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Linear beam - beam effects (2)

%Tr(M):cosm :cosm% B sin m= g+ C Dm < ¥

cosm® cos g - Dmsid

Dm = pp/2
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Dynamic beta

COS/77= COS {71 - 2 p SN bsin m ,Bin |
b= b,sin g _ SBin ,m
\/1- (cosm -2p &in , i \/siﬁ , A cosy singm -(2m) sip,x
— bO
J1+4p xcot ;m (2 P x (1960s)
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Emittance

Dynamic emittance

In electron synchrotron radiative
beam emittance:
—4A— BetaX
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Dynamic beta & emittance
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Flip - flop (simple linear example)

Assume round beams, unperturbed emittance

gcos/m = cosgr- 2 g ®in
:'blsin pFE - BN, m

abo

&~ 61 #p xcot Omg (-2

¢h -

Bo? =1 #p ycot oy (2 F K
I 2
b’ =1 #p ycot Jm (-2 H &

Self-consistent solutions:
equal sizes below threshotd
nonequal above.

Nr.o, _Nr, ha 0so

X; =
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L

FFT %/ Z (mm) [+

Coherent beam - beam
Two beams modes coupling via bedeam interaction: new eigenmodes.
> - «— >

° s-mode, unperturbed tune, = n,
IP

> —>

p-mode, shifted tune,
I.P n,=ng+Dg=ny+ | X
— >

K.Hirata, 1988

Without going into detailsg~1

T
S -modes. ... N B B ... p-modes. .

example
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N S N N S N — VEPR2000
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Coherent beam - beam

Example: coherent beabeam modes monitoring at VERROO.

S -modesg p-modes
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Shifted tune drift with beam current decay.
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0.311

Beam beam tune spread

LHC example:
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Beambeam parameter saturation,
emittance (and beam size) growth

Beam beam limit
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1) emittance blowup,
2) lifetime reduction,
3) flip-flop effect
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Nonlinear beam - beam limit

N,r b, T b

X, =
g8 .5 )s2 ,pg
Typical dependence of specific
L = Nin, fo N, luminosity on beam current
ws 5
‘J_-Fl:::"f"-“ 10-251':15’ cex ! ma®
| = L 1 nf, N, L (VEPPZM example)
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Distribution deformation

w2k _diagsq 20ma
8 ‘ T T T T T T T ‘ 16 ‘ T T T T T T T

LIFETRAC simulations example
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DAFNE example: beam profile
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Qy

Nonlinear beam - beam

0.65

VAT

T
WY

6t order betatron resonances &
synchrebetatron satellites

BB-interaction produces:
1) High-order resonance grid
2) Footprint, overlapping resonances

0.605

0.565

_ I FMA: footprint

Ay

Resonances in
normalized
amplitudes plain
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0x

' 0.565
VEPPR4 simulationeexample (flae*,e beams)
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Integrable beam - beam?

What can be done to increase significantly bé@am parameter threshold?
Integrabilityshould be implemented!

Half-integrability.

1) Round beams (+1 integral of motion >> 1D nonlinearity remains)
2) Crabwaist approach for largeiwinskyangle

3) Vicinity to half-integer resonance.

Even closer to fulintegrablebeambeam?
1) Round beams + special longitudinal profile?
2) e”?

Reduction of nonlinear motion dimensions number is
very important: diffusion along stochastic layer
through additional dimension is suppressed



Round beams ate *e- collider

Luminosity increase scenario:

V Number of bunches (i.e. collision frequency)
V Bunchby-bunch luminosity

Round Beams:

o ~2 2
X, X, 6, f S
é %+_Y§ n—> 4'0 g “xf
2
C Sx+ b
2
V Geometric factor: (1+5y/ %) =
V Beambeam limit enhancement: x20.1

V IBS for low energy? Better life time!



The concept of Round Colliding Beams

Axial symmetry of counter beam force together wii symmetry
of transfer matrix should provide additional integral of motion

(angular momentum M= Xxjy - xyj). Particle dynamics remains
nonlinear, but becomes 1D.

Lattice requirements:

A Headon collisions!
: : b =

A Smal | a nfuhctiengat 1 b x Ty ound beam

A Equal beam emittances: € y

A Equal fractional parts of betatron tunes: N, =

V.V. Dani |l ov et a l

. EPACOG9 6, Bar c



Historic beam - beam simulations

A We&K T rongo AnSt rrdtnrgon g o
|.Nesterenko, D.Shatilov, E.Simonov, in Beam size and luminosity vs. the
Proc.of Mini-Wor ks hop on i Ro unotinal beam-beam parameter
beams and related concepts in beam (A. Valishev, E. Perevedentseyv,

dynami cs o, Fer mi6] ab, DE.©Oamber PB)C062003
1996.



