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The compensation of non-linear focusing in the
storage ring colliders by the opposite-charge beam,
circulating in other storage ring, was proposed and
tested many years ago.

Ya. S. Derbenev had shown (1972) first that the scheme
suffers from the tune shifts of coherent betatron
oscillations, which shift betatron frequencies to nearest
integer or half-integer resonance. In this paper we will
revisit the stability condition at the simple model of rigid
short bunches and discuss other configurations of

colliders with beam compensation.



The Orasy compensated colliding beam ring D. C. I.
(France, 1972)
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Scheme of the four-beam collision




Displaced bunch 2 kicks bunch 1.

By x| =—dx,

d is the interaction parameter
(optical strength of the beam field focusing,
multiplied by £y).



CONVENTIONAL SCHEME



Scheme of the four-ring collider




2(qq + q, + q; + q4) x 2(q, + q; + q3 + q,) matrix of collision
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Matrix of the single turn of bunches after the collision
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Matrix of the bunches transposition in one RF period
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Eigenvalues A can be found from the characteristic equation

TMS - AE|=0
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Simplifying the determinant, one can reduce this equation to
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The matrix is symplectic, therefore, the characteristic

polinom is reciprocal:

1

d2

{ M), (M), }{ (M), . (M), }

AN+ AT -SpM, AF+A15-SpM, || A"+ A" -SpM, A% +A* -SpM,

1= Sp M. =2cos 4,

{ M), . (M), H M), (M), }

coS (qlgo) —COS 14, COS (q3(p) —Cos 1, || cos (ngp) —COS 1L, COS (q4g0) —COS L,
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In the simplest but not the best case of two equal rings q, =
q, = q; = q, = ulp with minima of beta functions in the
meeting point, one obtains a simple result

cos 1 =cosu, +dpfsin p

and corresponding stability condition ‘COS ,u‘ <1,

expressed as limitation for the incoherent tune shift &

‘5‘ _ ‘dﬂ‘ 3 1—‘c:os,u1 _
4 47z‘sin U,
1 o)
——min tanﬂ , tanﬂ < —
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«FIGURE-8» COLLIDER
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Consider first the scheme of electron-electron collider

All electrons are moving near the same equilibrium orbit in
the same direction. Therefore, one can say that it is single-
beam (but, certainly, multi-bunch) collider.

Injecting positrons in such a collider, one can obtain beam-

beam compensation.
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This scheme was considered in 1991 for the project of the

Novosibirsk ¢ - factory.
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Fig.1. Layout of the Novosibirsk g-factory.
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In more general case of different energies of electrons and
positrons, their orbits will be separated outside the collision

straight section
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Only the matrix of the bunches transposition in one RF
period is different:
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Eigenvalues A can be found from the characteristic equation
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A =e?

014 0g| M)y c08(a9) +(M,), c0s(q,0) (M), cos(4:0)+(M,), c0s(d.9)

2COS|:((]1 +Q2)¢}_Sp(M1M2) 2005[(93 +Q4)¢]_SP(M3M4)

(Ml )12 (M2 )12 + (M3 )12 (M4 )12
ZCOS[(% +Q2)¢]_SP(M1M2) 2005[(% +Q4)¢]_SP(M3M4)
(M1M2 )12 (M4M3 )12 + (M2M1 )12 (M3M4 )12
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In the case of equal energies q, = q;, 9, = q,, and minima of

beta functions at collision point
M =M, M,=M, (Ml)u:ﬂsmlul (M2)12:'B8infu2

Sp(M,M,)=2cos y,

and the characteristic equation is

COS L —COS L, + 2d,8(sin [, COS el +s1n 4, cOS el ]+
q, + 4, 9, 74,

2d* % sin i, sin p1, =0

where 1 =(q, + q,)p.
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The corresponding stability conditions is

. . 2
\/(dﬂ)z(smyl;sm,uzj + cos> /;o +dp

sin 4, +sin i,
2

<1

For equal loops i, = w,,

cos L = —d,b’sm&Jrcos Ho
2 2 2

and the stability condition is |cos—| <1, or

§:Q<—tan’u° 1 :

47 4r 4

47 |tan —
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The scheme may be modified by replacing the electron

storage ring with the energy recovery linac (ERL).

——
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In this case, M, is the matrix of the left loop, but matrix M, describes the
influence of decelerating beam to the accelerating one. In the simplest
case, it may be zero. Then,

0=1+2d (Ml )12 COS(qlgﬁ) T (MZ )12 COS(Q2§0) n
2COS[(% +Q2)¢]_SP(M1M2)

d2 (Ml )12 (MZ )12
ZCOS[(% +Q2)¢:|_SP(M1M2)

de '"? (M4 )12 1+d e (Ml )12 +e (M2 )12
i 2COS|:(Q1+Q2)¢:|_SP(M1M2)

_|_

The last term, which is proportional to effective length (M,),, of the ERL
loop, describes the influence of ERL beam on stability of the beam in
storage ring. This influence is similar to the one of the feedback system
with beam position monitor, amplifier and kicker.

In more general case, one can use dedicated feedback system, which
provides beam stability with proper M.
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CONCLUSION

In this paper | used the simple model for instability for
compensated beams to demonstrate that not all interesting
schemes of compensated colliders are considered yet.

More detail analysis of solutions in different cases, including
coupling, ERLs and additional feedback systems, is required.
Further investigation of such schemes will, hopefully, show

their feasibility.
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Thank you for your attention.
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