Dispersion perturbation in a transfer line

The dispersion perturbation in a transfer line is given by

AD(s) = / S ﬁmtm(s) sin(u(s) — p(t))dt 1)

where p(s) is the radius of curvature. p can be approximated by
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where 0 is the kick and L is the element length.

The dispersion change induced at monitor [ by a kick 6; corrector j due to
the beam excursion in quadrupole 7 is:

ADﬁ = KiLiAuimsm(ul — pi)t; ()

since for a beam with an offset of Au; in a quadrupole with strength K;, p
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The beam offset Awu; itself due to the kick is

Aui = \/ﬁiﬁj sin(,ui — Nj)gj (5)

Putting it all together, the dispersion change at monitor [ due to the kick
from corrector j is:

AD' = {Z K LB sin (g — paa) sin(ps — ) — sin(p — #j)} V6305 (6)

where the sum runs over all quadrupoles between the corrector and the mon-
itor. The last term is the ’direct’ term from the corrector kick itself.

Note :
e The sign in the last takes into account the fact that the sign definition
for corrector and quadrupole kicks is opposite to the one needed for

the definition of the dispersion (through p). This explains the — sign
in the second part of the equation.
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e The equation is valid for the horizontal plane. For the vertical plane a
— sign must be inserted to take into account the strength sign.

Dispersion perturbation in a ring

The dispersion perturbation in a ring is given to first approximation by

AD(s) = QSMQ 74 VOU cos(lufs) - p(t)] - =@yt (7)

where p(s) is the radius of curvature and @ is the tune. This expression does
not include the higher order terms from sextupoles that will be discussed
later.

The dispersion change induced at monitor ! by a kick 6; corrector j due to
the beam excursion in quadrupole i is:

VOiB;
sin(7Q)

since for a beam with an offset of Au; in a quadrupole with strength K;, p
is:

AD! = K;L;Au;

cos(|p — pa| = mQ)0; (8)
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The beam offset Aw; itself due to the kick is

/BB
Au; = sin(7 Q)

cos(|pi — p;| — 7Q)0; (10)

The sextupoles also contribute to the dispersion to first order in the orbit
perturbation. This is due to the that the the dispersion may be defined as

. u(d) —u(0)
D = oy "0 gl

where u(9) is the closed orbit as a function of the momentum offset 6. The
effect of the sextupoles is proportional to

o¢ Kyw? o< Ky(2(0) + Dy0)? oc Kyx(0)? + 2K5Dp2(0)8 + D262 (12)

and
x Kory o< Ky(2(0) + D,0)y(0) oc Kox(0)y(0) + K2D,y(0)6 (13)
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The effect of the sextupole is obtained by replacing the term K; in the equa-
tion for the quadrupoles by —K5;D, ;, see for example the SLAC paper by
R. Z. Liu (SLAC/AP-14, 1984).

Putting it all together, the dispersion change at monitor [ due to the kick
from corrector j is:

AD' = {3 i ol =l = @) cosl — = 7@)

Z KQ,me,mLmﬁm
4sin(mQ))?

cos(|p — pim| = 7Q) cos(|pm — ;| — 7Q)

_cos(lp — il —mQ)y ey
sin(ﬂQ) } 615393 (14)

where the sums run over all quadrupoles (i) and sextupoles (m). The last
term is the 'direct’ term from the corrector kick itself.

Momentum compaction factor in a ring

The momentum compaction factor a, is given by:
1 [ D.(s)d
%:_f—@i (15)
cJ o op(s)
becomes ]

where the sum runs over all bending magnets and 6; is the deflection at bend
number .



