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COHERENT BEAM-BEAM OSCILLATIONS IN 
ASYMMETRIC COLLIDERS 

A. Aleksandrov, D. Pestrikov 
Institute of Nuclear Physics, 630090 Novosibirsk. USSR 

In this paper we study specific properties of cohe- 
rent beam-beam oscillations in asymmetric colliders. 
The spectra of eigenfrequencies as well as possible 
ways of damping of unstable modes and limitations of 
the luminosity are discussed. 

Recently, several projects for B-factories have been 
proposed [2] with different energies for ef and em- 
beams. it was recognized that such a configuration can 
be more suitable for studying CP violation process in 
A-decay. Some of these projects assume to use storage 
rings with different circumferences for beams with dif- 
ferent energies. As revolution frequencies for e+ and 
e are not equal in these rings, each bulch of one 
beam meets with every bunch of a counter-moving 
bearn. This circumstance changes the character of devr- 
lopmeni of the coherent beam-beam instability, since it 
becomes a multibunch one [3, 41. Previously the cohe- 
rent beam-beam insiahtlity in asymmetric rings has 
been studied in Ref. 151. But in this paper the analyti- 
cal results disagree with numerical calculations. A 
detailed calculatiott of coherent hcam-beam oscillation 
spectra in asymmetric colliders as well as an analysis 
of possjblt, ways for damping unstable modes can be 
also iouttd itt Ref. [II This report contains the main 
results oi paper Ref. [II. 

Let us consider a pair of asymmetric rings. The 
ring for e / (c?. ) has 4, (q?) bunches accordingly, 
which are equally spaced and contain Ni (N2) bunches. 
T,, T:! arc revolution periods in each ring (see Fig. 1 ). 
For the description of heatn-beam rffe(,ts WC IIS? the 
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c-,r:t~-tlitnertsion rigid httrtch mod+zl in linear approxim+ 
lion. In the simplest casF when y, = I, yz=q the cohr- 
rent motion of beam b:iri,.t,ntcrs 2,. ~2 can bca dcscribt-d 
bv a set of t~quatiotts: 
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tier? i,,, h2 art’ radiation damping decrements: VI, 
v:. are tunes, t,. 52 are beam-beam parameters; 6,(B) is 
the periodical h-function with B T?-period; b is the vale 
of @-iunction in the I.P.; 0 is the azimuth. 

The approxirttation of smoothed focussing permits 
one to take into account the radiation damping. hut it is 
riot of principle importartt*e, c~alculations which take inlo 
zIccount the Fioquet modulation can he found in 
Ref. [I]. 

Simplr ~alculatiorts \+ ilh set ( I ) yield rigcnvrctors 
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y.p= ~~~~~~(~),~-~~:e~l)(-“:i-‘) I%,(~I’I---I:~.‘(I:’ , (2) 

where 
p=o,. .., q-- I , 

and the dispersion eq~tatic~n for cigcrlfrt,qurllriL~~~ 
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The general form of this solution is typical ior 
problctns of the coherent sinhility of m~ll!ibunch beams 
13, 41 Coherent dipole oscillations become unstable 
whrn \‘t, yp are close to sotnc ~‘ICSO~BIICL’ ;nltrcs which 
can be obtained from (3) The sum rts(!nilnW ts 1nor~1 
specific for the examined prohlr~t. It is d~~i~ttcd by 
equation: 
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111 this case (and neglecting the r:ldi;ttiori cl:~rttptr!g,r) 
stahiiity condition: 
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(1 is an integrr’l tlcterrnities C/ ~iojh:ltldc 011 t tit’ t lltlt’ 
diagram (~1, ~2). see I:tg. 2. Noti,. that tht widths of 
stopbands and the maximum value 01 the incretttfrtt 
fi,= m\li4T;, increase like ,/vi with irtcrtxasing thta nutIt- 
her of bunches in the large ring. As the distance hr>twc>- 
en stopbands is 

II I 4 Cllkl Fs , 
the stopbands overlap when yz (16:1E2) ‘. That eva- 
luates the maximum permitted number of bunches for 
the given value oi bean-beam param?tfrs. Thus. ior 
c, = &? = .05 q ,,‘i, z 25. I ‘ndcr thrsc rortchtions ihr lirrti- 
tation oi the stopband width ,\,: limits the z~vaiiable 
I~lmiitvsit~ t,y the v;llllc: 
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For ~~oheretit osciilaiic~ns aiircttld by the radiatiorl 
damping thth roots can bt, obtaiticd irom (Sl. This 
yields the stability condition in the form: yiljt< h~h.s 
Therefore, in this region th? luminosity will be IirrtiLi~d 
by the maximum available RI:-power: 
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The above-ntetttiottc,tl sources of instability of cohe- 
ri\nt beam-beam oscillations in ati asymmetrIc collider 
generally coincide with Ittosia fonr~ti in Ref. 151 h) ~‘om- 
puter simulation. Hut analytical calcuiations of the 
spectra in the present paper disagree in general with 
those in Ref. [ii] Thus, the t~ig~rifrt’(lttel’ric’s dt>tcrrninrti 
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f’rt. 2 Kwmdnr~ slopb:mds of coherei~l dipole osc~llatiur~s 
h --slopband u,idlh. h-dlstancr betwee~~ barlds 
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by rorrnula (4) in Ref. 151 always correspond to stable 
oscillations (Q> 0) The difference in the interaction 
parameter seems to be more essential. The interaction 
parameter In Ref. (51 is obtained by averaging equa- 
tions of motion before linearization and thus contains 
the contribution from the nonlinear part of the beam- 
beam force Iti]. We use a parameter equal to that ap- 
pearing in the> calculations based on Vlasov equation 

s. 
E. 

x . 
648 - I-- , r 

0, 
3*f Vii 54 5c3 fO4 

%+9, 

i’ifi. 5 MdXlltlal lllcrrlilelll il”, dcpwdenw 011 number of bunches 
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[4]. As we suppose, this way is more adequate to 
linear approximation. 

Let us also note that in accordance with the gene- 
ral results from Ref. 141, the multipole oscillation near 
the coupling resonance: 

qmv, + nv* = p 

rnay turn out unstable too. The widths of stopbands 
near these resonances decrease only as the power of a 
multipole number. This circumstance can impede apply- 
ing the feedback damping system 

For a more detailed investigation of stability re- 
gions in the whole working cell with arbitrary 51, t2, 91, 
q2 we use computer tracking. Fig. 3 shows the results 
for several values of 91. 92. External and parametric 
resonances and also sum coupling resonances: 

W+YI%<~I (6) 

are clearly seen. Condition (6) is a generalization of 
(4) for arbitrary 91, 92. Fig. 4 shows the width of stop- 
bands h versus E for different 91, 92. When 91= I the 
plot agrees with (5). Fig. 5 shows the increment versus 
5 for different 91. 92. A good agreement with analytical 

results is observed when 91= I. 
The presented results certainly paint out at the dif- 

ficulties in the operation of high luminosity colliders 
with different circumferences for et and e- beams. The 
main difficulty is caused by the net of stopbands which 
covers the tune diagram (vI, ~2). The size of the cell in 
this net, which is proportional to (91 +92) -I, lirnits the 
permitted value of E and, therefore, the maximum avail- 
able luminosity. Increments of instability depend on the 
work point but in general are large which makes the 
instability damping by conventional feedback systems 
difficult. 
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