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Abstract

2 VERTICAL DISPERSION
determined by the verical beam sze. that 15 by the TS €xistence of imperfectons on the magneti
vertical emittance. The is determined b, WO factorsnattlce will induce a finite vertical dispersion alon_g the
. . - 1NE, ) y WO " lattice and change the values of the horizontal
the vertical dispersion generated in the bending magn%il?;persion
by errors, and the coupling of the oscillation in the The erﬁittance ratio would be given by:
vertical and horizontal plane. In this paper we review the

theory concerning the evaluation of the vertical g, J, <%y>
emittance and the coupling. We give an estimate of the X :s_ :J——<% > 3)
vertical emittance foDIAMOND and an assessment of XY AT

the requirements of the correction system. Where<%xvy> is defined as:

In a perfect machine, the vertical emittance is bending
determined by the synchrotron radiation opening angle,

with a value that is several orders of magnitude inferiqr . X o
to the horizontal natural emittance. qhorlzontal emittances araffectedand modified by the

However, in a real machine the vertical emittance igﬁect of the errors. The corr(_actlcxyst_em would
determined by two factors: compensate those erro_ra;rnd the_flnarelatlve change
1.The finite vertical dispersion generated in theWOUId. be _m_uch smal!er in the honz_ontal plane.
dipoles by horizontal dipolar field imperfections. .It 'S dn‘flcqlt o give an ana_lytlcal formula for the

2.Coupling of the vertical and horizontal modes o ml_tta_mce_ rafio in a maCh'”e with correctlsystem._ln
oscillation, generated by skew quad error and vertic Jr] It Is given a possible a_pproa(_:However, aneasier
orbit displacement in the sextupoles. solution would be thr_ough_5|ml_JIat|on. o

i For a bare machine with dipolar errors, itpsssible
In principle, these two processes are independent agfgive an approximate value tife vertical emittance,

uncorrelated, and the fing) would be given by the sum gnq the results would give us an estimate of the
of the two contributions. We defined tkenittance ratio equirements forthe correctiorsystem. Following the

xas: results from [2], the first step is to evaluate the vertical

It should be notedhat both the verticaland the

_&y dispersion. The equatiofior itcan be written, in
X _Z normalised co-ordinates, as:
2
— &x0 d_ﬂ+2:23/2|: 5
€x 1+x (1) d(pz QNn=QB ((P) (5)
£ = X €xo where we have drop thg subindex to simplify the
Y 1+ notation. F(¢) is the driving function associated to the

. magnetic imperfections andy is the normalised
It can beshowthat theperformance of dight source  gjispersion:

is heavily influenced by the emittance ratio, and for small

values ofy, the brilliance Bis: n)= D(s) (6)
6 - R 1 o VB
"o Vphase space X 550 The previous equation has the following solution:

X, therefore the vertical emittaneg should be abw as
possible.

In order to have &igh brilliance, the emittance ratio D(s) = VB(S) sj’i/@F(o)cos[p(o)—p(s)—nQ]dj @)
2sin(m)
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The rms value at a poisg would be given by: <D2> 1

- 2 2,2
2\ _ [3(50) B - BSiI’lZ(T[Q)ZBjDX (Kzlej) Az (15)
(o)) i) |

L g @ 3 LINEAR COUPLING

Of+/B(o)F(o)cogu(c)-u(s)-nQdo O )

QJ; ©)Fe) E[ ©)-uE) ] 8 The other important phenomenon that affects the
¢ ke th | o emittance ratio is the linear coupling of the oscillations
If we ma e the usual assumptions: in the two transversal planes. Assuming that only the
* The different errors are uncorrelated. difference resonance @,=n contributes to the

*The phase advance between errors is random-lil@oup"ng the emittance ratio is given by:
so we can change tlvedAp] for the average value 1/2.

We can change the integral for a sum over the different |K/A|
elements, this last equation can be written as: K (16)
RS
D(s) . PB&) loppz o 9 -
%) )= 4sin2(nQ)§Z[3j P (9)  wherek is the coupling coefficient
J
1 .
and from this last expression , K :Tans(S)\/BxByexl{'(H x~H y—SAAq)]dS (17)
2
<D >_ 1 1 2, 2 and A is the fractional part of @Q. K, is the skew
= — _ZBF L. (10) X<y s
B 4sin®(MQ) 2 j U quadrupole component around the ring. The two
_ o principal sources of it are rotation of the quads around
Using the definition of,: thes axis and misalignments of the sextupoles.
CqEZ 1 ) ) Making similar assumptionshan in the previous
&y =5 — J'(BD' +2aDD’ +yD )ds: case, we can WriteK2> as
2T[p ‘]y bendin
[¢]
11 2
CqEZ 1 <Dy2> ( ) <K > (4 ) ZBXJByJ( S, j J) (18)
= > JR—
2= Jy By The two errors thatwould excitethe resonance have

bendi
e the following skew quadrupole component [2]

We can findnow the contribution of each kind of a) Rotation of the quadrupoles around theaxis:
errors to the vertical emittance. _The generating function K=2K,A8
Ffor the dlfferent_ types of errors is [2]: b) Vertical orbit displacement in sextupoles=K,Az.
a) Dipole rotation erraf8, F=A0/p. where agaif\ andAz are the rms values of the errors.
b) Quad rotation errakf, F= K;D,A8.
¢) Vertical quad displacemeft, F= KAz. 4 RESULTS FOR DIAMOND

d) Vertical sextupole displacemeit, F=K;D,Az.
whereA® andAz are the rms values of the errors. A description of the lattice fdbIAMOND and of the
The value of<D2>/[3f0r each one of previous errors correction system can be found in [3]. Figurafiows
the optical functions for a quarter of the lattice. We

is: assume the following values (rms) for the different types
a) Dipole rotation error: of errors:
<D2> 2 a) Transverse misalignment of magn&tsy=0.1 mm
=— Z B, Dl L0 AB? (12) b) Roll angle misalignment of thdipoles A6=5x10"*
B 8sinf(mMQ)4 'Cpo 'O rad

c) Field imperfections in the dipol@d/B,=5x10"*
d) Roll angle misalignment of the quadrupolag&ew
quad errorN6=5x10"*rad

b) Quad rotation error:
(P?)__ 1
= D
B 85in2(T[Q);B’ X
¢) Vertical quad displacement:

(0,

(kL Y002 (13)
4.1. Machine with the correction system

When we compensate the dipolar errors with the
correction system, it is difficult to give an algebraic

5 smz(nQ)ZB (K1, J) 72 (14)  expression for the emittance ratio. We will use
simulation programs (MAD [4] an€OUPXY [5]), to
d) Vertical sextupole displacement: simulate the effect of the errors and correction system.

The correction system is assumed to correct the orbit up
to 0.3 mm. The first contribution is due to the vertical
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Figure 1: Optical functions for a quarter of DIAMOND.

dispersion. The rms value of the vertical dispersion in The results for the emittance ratio found are:

the dipoles when the correction system is in place has X (MAD) ~ 2.8 %
been found to be of the order of 0.0&%. This value X (COUPXY) ~ 2.7 %
has been obtained through simulation with MAD for 100

sample machines. The values of the optical functions in 5 CONCLUSIONS

the dipoles are: . . .
B=17m B,=27m The present correction system brings the emittance
X " y

<D.>=007m <D>=0.025 m _ratio to valges of the order c_)f the 3%_. This can be
A i ' ] improved with a more aggressive correction system and
And the contribution to the emittance ratio has beeg |ess pessimistic estimation of the errors of position and
found ofx ~ 0.8 % angle of the magnets. It should be possible to reach

For the linear coupling, we can give and analyticajajyes near the 1% coupling, as achieved in other
estimation. In the case of the coupling due to skewgyrces.

quadrupole errors, if we substitute the values of the
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