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Abstract function. The well-known solution for theparticle
oscillation envelope subsequent to a collision located at s*
Touschek scattering is an important beam lifetimg given by :
limiting effect for the SOLEIL storage ringand the - lR(QH(s*)
dominant one for high single bunch current operation. The ) X (9) D(S)EH\’ B(s)H(s*) ,2(1)
Touschek relevant energgcceptancanay bedetermined WHEre tH(s*) = v(s*)n*(s*) +2a(s*)n(s*)n'(s*) +B(s*)n *(s*)
by the radiofrequency system, dynamic aperture or vacuuth€ first term in (1) isdue tothe chromaticclosedorbit
chamber physical aperture. In the latter twoases, While the second results from induced betatron motion.
Touschek induced betatron oscillations must be  We haveobservedthat straightforward application
considered. Wepresent energycceptance andouschek ©f (1), asdone inZAP [1], is in generalinsufficient for
lifetime calculations for SOLEIL in thpresence of these two reasons. First, witkextremely largesextupoles, the
three limitations taking into account the non-linear chromatic closed orbit is not strictly proportional&dut
chromatic orbit as well asnergyvariation of the optical contains higheworder terms which, for thearge eacc of
functions. In light of theseconsiderations, Touschek interest,can have a very significargffect. Secondly the

lifetime lattice optimization will be discussed. optical functions (but noty and n’) entering into the
expression for H(s*)arethose which hold for thenergy
1. INTRODUCTION . Since these functions all vary with energy, thftect

should also be taken into account.
In order to account for these higtader effects ind,
a module for the automatic calculationaafcc andtt has
been integratednto the BETA code [2]. The algorithm
'used is as follows :
The general non-lineaclosed orbit Ax, and the
optical functions are all calculated as functions afd s.
The dynamic aperture f,, in betatron amplitude, is

determined as dunction of & using the turn by turn

One approach to improving the Touschek lifetimg (s

to increasethe energy acceptance('[’T 0 s;zc) which

may bedetermined bythe RF bucket momentum height
by the aperture of the vacuum chamber or bydyreamic
aperture if the induced amplitude after a Touschek
scattering exceeds one of these two transverse limits.
To ensure a largdongitudinal energy acceptance
(+ 6 %), the RF system (usirsyperconducting cavities) :
will provide a peak voltage of more than 3 MV. traclf;rr:g m(r)]du_le of I?|>ETA. : hvsical .
The aim of this paper is to present calculations of the lcul (te d orlch)ntat. mg/?bna_nt physicalaperture Is
gaccand thecorrespondingt in the presence othe three caiculated as a function ofby - )
limitations indicatedabove. These calculations haveen - : H(XVC‘AX(S*a)) ]
e _ > Aphys(3) = Min 0 ¥
performed taking into account non-linear chromatised s 0,sma| Bu(s:3) g

orbit effects aswell as energy variation of the optical where X, is the vacuum chamber half-width.

functions. Inaddition, the presence of amall vertical h h inited
aperture in narrow gap undulators may also liin the 1 NES€ WO transverse acceptances are then comiiue
single acceptancewhich is symmetricand nonotonic

presence of transversmupling. Calculations supporting because of the synchrotron oscillation :

this result will also be presented. '
Finally, we will shortly discuss a method for _ _

increasingrt by acting on the so-called lattice H function. A= E’\["_'Q’B]{M'”[Aphys(5')'Adyn(5')]} 3

Next one calculates the invariant betatamplitude

2. NON-LINEAR CALCULATIONS OF THE induced by a change in energy occuring at the location s*
ENERGY ACCEPTANCE by :

A Touschek scattering event results in an instantaneous (Ax(s*,a))z
change in particle energy. As a result theparticle ainduced(s*j):m
reference orbit, initially assumed to be zek@rywhere, is
suddenly replaced bythe chromatic orbit defined
by : xen(s)=n(s)d, where n(s) is the dispersion
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The local transverse energgcceptance isthen One camalso note that obviouslygacc is the most
calculated by solving the equation : reduced inthe center ofthe achromat fjxmax and in the
A(g(s)) -a(s,g(s) =0 ®) medium length straight sectiongy = 0.13 m and weak
Because othe symmetricandmonotonicnature of AB), p, = 4 m)[3].
this equation can have ahost two solutions which we
call t+. The overall energy acceptance is then given by : 1.0E-04

€acc+(S) = Min[sRFvatt(s)] (6)
Finally the Touschekoss ratesare calculated by the

well known formula for each of the two solutioasd the
total loss rate thus becomes :
|
1 _1 ; 1 . 1_ )
Tryz 2 H'[n/z(sgcc(s)) Tru2(eac(9)
which is averagedover the machine to give the global
inverse Touschek lifetime.
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3. RESULTS OBTAINED IN THE HORIZONTAL 0.0E \
PLANE RN -0.05 0 0,05 0.1

The calculations have been performed tfor standard low Fig. 2 E le of ind 8d betat litud

emittance (3 nm.rad)and Chasman-Green(9 nm.rad) 9. 2. Example ot induced betatron amplitude.

lattices. Nevertheless, we will giveere detailedesults 01

obtainedonly for the standardlattice and mention only

briefly the Chasman-Green optics. Sacc”
Figure 1 shows the dynamic and the physical —f‘L—JLL_nJ“‘q‘q_IJL”LI_JL"L

apertures calculated asfunction ofd. One cannote the

asymmetry between the positimadthe negative sides of ‘ ‘ H ‘ H H H H‘ H ‘ H‘ H

8. For a X,c less tharB5 mm, the physicalaperture is

always smaller than the dynamic one.
-01
0

o
[=]
a

Energy Acceptance (£acc)
o

1,0E-04

=}
Q
a1

—— dynamic
—e— 35mm
o 30 mm

7,5E-05 | - - . ‘ . ‘ ‘ ‘
10 20 30 40 50 60 70 8
s(m)

5,0E-05 | Fig. 3. Energy acceptance variation along the ring.
The difference between the linearand non-linear
calculations is illustrated by the figure 4. This points out
that the linear calculation of; is optimistic (42 h
versus 27 h) and that, in ooasethe contribution of the
s . s sextupoleeffect cannot beneglected. Theontributions of
005 3 005 %1 the non-linear chromatic orbindthe variation of optical
functions with energy have been studied separaadythe
Fig. 1. Dynamic and physical apertures as a functian of most important contribution is that due to the first effect.
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The induced betatron amplitudecalculated as a 01

function of s and o, using equation (4)also shows
asymmetric behaviour. The figure 2 gives rasult
obtained inthe center of along straight section. The
amplitude for positived is much greaterthan that for
negative values. This is due to tlaege positive value of
the second order dispersigp (Ax = n1d + N2d2+ ...)
at this location. In thecenter of the achromat, the
amplitude curve igeversedbecause othe sign inversion
of n2 (Fig. 2). Taking intoaccountthis asymmetry, the ‘
solution of equation (6)will give two different energy
acceptancesolutions. Anexample of this resultan be 0 m
seen in figure 3, where the differencecisarely explained
by the considerations given above.
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Fig. 4. Linear and non-linear calculations.
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The results okacc calculations as a function of the
physical aperture in the presence ofthe two other
limitations suggest that a stagear of +35 mm in the
horizontal plane is areasonable compromise. This
corresponds to & of 36 h for the multibuncloperation

mode [b=1.26 mA ({=500mA) ; k2 = 0.01 ;
err=5.1% (Mye= 3 MV) andoyn = 13 ps]. Nobunch

lengthening was taken into account.
For many technical reasons, the injection septu

magnet will beplacedinside the vacuum chamber. The

calculations show that it must Becated at23 mm at
least from the vacuurshamber center irorder to avoid
any related Touschek lifetime reduction.

In the case of th€hasman-Greeaptics, theinduced
betatron amplitudearealmost symmetric ird as are the
energy acceptancemdloss rates. Thédifference between
the linear and non-lineak calculations is only 16 %.

4. RESULTS IN THE VERTICAL PLANE

For the time structure mode, we wilperatewith a high
current in a single bunch or in a few bunches. Thavill

5. EXAMPLE OF TOUSCHEK EFFECT
OPTIMISED LATTICE

Starting from Touschekcattering calculatiomgeneralized
to includethe effects ofdispersion [5], on&ansaythat,
for the motion around the chromaticclosed orbit, tT

varies approximately as :
1

s+C
1 [ HA(
Tr V(s

S
where b is aconstantequal tovaluesbetween land 4
depending on the range wériation of the parameter of
the well-known function &) appearing inthe Touschek
lifetime expression. H(sand \B(s) arerespectively the

so-called Hfunction (cf. 2) and the bunch volume both
calculated everywhere in the ring.

Considering this interesting indication, simulations
to minimize JH(s) ds have been undertakémeeping the
emittance, tunes and betatron functions neamighanged.
Preliminary results show an 11 % decreagél{s) ds and
a corresponding 22 % increasetif, consistenwith (9),

©)

m ds

be the dominant contribution to the overall beam lifetimgvhere in our case, b is about 2 angl ig nearly constant.

Normally, one expects that strong couplifzptween
horizontaland vertical betatronmotion will increase the
bunch volume and therefore increasge

The vertical vacuunchamber is restricted in several
places of the ring by the undulators gapsl®mm (a
vertical vacuum chamber half-height ®5 mm) inorder
to provide high brilliance for photon energies up to
10 keV [4].

Supposing zero vertical dispersion, all vertical
betatron motion will bedue to transversecoupling and
thus the vertical betatron amplitude will be given by :

a, (s*,0) =K* 8, (s*, 9) 8)

The 1T has beencalcultated as dunction of the

coupling. In figure 5 we can see that #pected increase
in TT saturates rapidly and falleeyondk 2 = 80 %. This

result is directly related to the vertical stayclear at
undulator locations.
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Fig. 5. Touschek lifetime as a function of the coupling.

6. CONCLUSION

We show that when the Touschek scattering oculitis
large energy deviation in dispersiogections, it is
necessary to consider the non-linear chronatisedorbit
as well as the variation of the optics with energy. If only
the lineareffects are considerd@AP code for example),
the calculations can be optimistic by a factor of 2.

In the high intensity bunch mode, thmerease of the
coupling between horizontal and vertical betatnootions
do not give thenopedfor increase inTouschek lifetime
because of the limited vertical stay clear. Notice thate
is no IBS effect at the nominal energy.

To increasethe single bunchcurrent threshold we
preferusing afeedbacksysteminstead of increasing the
vertical chromaticity inorder toavoid reducingthe large
energy acceptance.

An interesting reflexion concerning Touscheffect
lattice optimization shows that if the dispersion is
distributed in such a way that tlse-called Hfunction is
minimized everywhere inthe machine, theTouschek
lifetime can be substantially increased.

Nonetheless further work on this subjecheeded as
calculationsdone so far donot completely takeinto
account the effects of non-linear betatron motion tnoe
modulation resonances due to synchrotron oscillations.
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