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Abstract ©

The aim of the beta-beams is to produce highly energetic * %
beams of pure electron neutrino and anti-neutrino, coming
from 3-decays of thé®Ne!®+ and®He?+, both aty = 100, 2

directed toward experimental halls situated in théj&s
tunnel. The high intensity ion beams are stored in a ring
until the ions decay. Thg-decay products have a mag-
netic rigidity different from the one of the parent ions and
are differently deflected in the 6 T superconducting dipoles
Consequently, all the injected ions are lost anywhere in the
ring, generating a high level of irradiation. So, the dipole -20 o 20 30
apertures need to be large enough to avoid the decay prod-

ucts hitting their walls, which may worsen the field quality.,:igure 1: Dynamic aperture for 1000 turns without a defect

A study on its tolerances has been carried out. Since i the dipoles. The horizontal and vertical emittances are
decay ring has to accept the beam during a large numbergfean equal to 0.22 mm.mrad

turns, the chosen criteria is the size of the dynamic apertur
that the multipolar defects in the dipoles may shrink. Tol-
erances on the systematic errors of these defects have bé&enintegrated field<,, L of each multipolar component in
investigated. In order to relax the tolerances, a routing wahe dipole has been calculated according to the Eq. 1:
written which automatically enlarges the dynamic aperture

in presence of field errors. K, L
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INTRODUCTION
i . . _Table 1: Multipolar components in the dipoles of the arcs.
In[1], a ﬂrst.(.)ptlf:s of the dece_ly ring was presepted. S¥he reference radiug, o is taken equal to 60 mm
sextupole families in the decay ring were needed in the arcs

. . Multipol n (1077 [ KuL (mi—™
in order to correct the chromaticity and to enlarge the dy- u tlpo_eo_rder n | ba( 2 ) (m™)
. 7 1 (main field) 10 /86 rad
namic aperture. The enlargement of the dynamic aperture 2 0 0
was realized wittBETA [2] by minimizing the third order 3 1685 -0.00171
resonance terms and the first derivatives of the tune with ' '
. . ; . . 4 0 0
the amplitude. Finally, the obtained dynamic aperture is
T . X 5 33.018 9.307
given in Fig. 1. The dynamic aperture is then large enough 6 0 0
to accept the stored beam in the decay ring. 7 50123 3924 5
Nevertheless, the structure was assumed with perfect 8 0 0 ’
magnetic elements. In fact, since the dipole half-aperture 9 29 583 643400

is large (around 8 cm), the design cannot avoid strong mul-
tipole components inside. So, it is necessary to study the
impact of these non linearities on the beam dynamics and

thus on the dynamic aperture. In order to estimate the influence of each multipole com-

ponent on the beam dynamics, the dynamic aperture has
DEFECTSIN THE DIPOLES been plotted for the same structure as in [1] b)_/ considering
only one of the multipolar components each time. The re-
A first estimation of the systematic multipolar compo-sults are given on Fig. 2. The multipole components have
nents in the superconducting dipoles in the beta-beam deeen simulated by the insertion of multipolar lenses into
cay ring is given in Table 1 [3]. The multipolar componentghe dipoles. The dipoles are assumed to be curved. There-
b, in the 6 T dipoles of anglé = 7/86 rad are calculated fore, the reference orbit passes by the centre of the lenses.
at a reference radiuB,qf of 60 mm. In the third column, As expected, the dynamic aperture shrinks in presence of
VO S Community under the EP6 - Researthe multipolar defects and the components which have the
InfrastructurgpAction -yStrucFuring the Eurogean Resedkota - EU- THrgeSt e_ﬁeCt are, = 5 andn - 7'_ _The sextupole com-
RISOL DS Project Contract no. 515768 RIDS. ponents in the dipoles do not significantly decrease the dy-
t achance@cea.fr namic aperture. Its interior radius in presence of the mul-




tipolar defects in the dipoles is less thaw 6which is not step untili is equal taV.
enough for the allowed loss amount. Therefore, it is neces-

sary to enlarge the dynamic aperture. Finally, the chromaticity has been corrected and nor-

mally the dynamic aperture has been enlarged.The biggest
10 advantage of this algorithm is to be automatic and quite
quick, which enables to run the optimization procedure on
a large number of structures. The behaviour with the mo-
mentum can be taken into account by adding the calcula-
tion of the dynamic aperture at different momenta during
the step 2 of the algorithm and by choosing the sextupole
couple according to the results.

number ofc,

CHOICE OF THE WORKING POINT

The different multipole components in the dipoles must
10 be taken into account in order to choose the working point.
Initially, the working point(v, = 22.228 v, = 12.16)
Figure 2: Dynamic aperture for 1000 turns for the sam@as chosen to avoid the second and third order reso-
structure as in [1]. In redy = 5 component, in blue = 7 hances. However, it is very near a fifth order coupling
component and in greem = 9 component, in black with resonance, which can explain the strong decrease of the
every systematic multipolar component dynamic aperture. Therefore, other working points like
(vp = 2218, v, = 12.16) and (v, = 22.22, v, = 12.24)
were tested because quite far from the different resonances
ENLARGEMENT PROCEDURE OF THE (Fig. 3). In the following, we will call respectively each of
DYNAMIC APERTURE these working pointgl, B andC. The algorithm described
sooner was then applied at each configuration. Moreover,

The presence of high order multipole defects makes tHg order to have more freedom degrees, two sextupole fam-
compensation of the third order resonances and of the fif§es were added in the arcs.
derivatives of the tune with the amplitude insufficient. The
first idea would be to compensate the higher order deriva- o~ \ /
tives by introducing octupole and decapole lenses in the LA
ring like in [4]. However, the cancellation of the derivags/ 12.25§
of the tunes at the origin is not so valuable for ions with L = %
large amplitudes. The combination of the different chro- . 1os ) |
matic sextupoles generates high order harmonics which L
could compensate these multipolar defects. Therefore, be- i >
fore inserting compensating multipole lenses, it would be 121577 —
interesting to use the chromatic sextupoles in the decgy rin /////
to enlarge the dynamic aperture. The used algorithm is pre- = t \L 7

; L . . 121 ‘ !
sented in [5]. The principle is described below: 22125 2215 22175 222 22225 2225 22275 223
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1. The user chooses the sextupole families to be consid-
ered and the number of iteratio®s in order to cor- Figure 3: Tune diagram. In blaCRT’d order resonances, in
rect the chromaticity. Since the program lies on th&ed3"¢ order resonances, in gray* order resonances, in
progressive correction of the chromaticity, the use@reens” order resonances, in cyaf* order resonances
sextupoles must be in dispersive areas. The progra@fd in purpled™ order resonances. The different working
stores the initial chromaticity of the lattice in eachPoints are represented by crosses on the diagram
planeéy , (with y = « or 2).

2. Only two sextupole families are needed to obtain The dynamic aperture obtained in the three cases is rep-
any wanted chromaticity. Therefore, at each step resented on Fig. 4. Compared to Fig. 2, the dynamic aper-
the algorithm considers every sextupole couple antlire has been enlarged. The interior radius is superiosto 6
partially corrects the chromaticity to reach the valudor the new working points. However, since the random er-
iy = %&Ly in each plane. It calculates the dy-rors or other sources of non linearities in the structureswer
namic aperture once. The couple which is kept for thaot taken into account, it is still too small to enable the
next step is the one for which the dynamic aperture istorage of the ions up to& Moreover, the momentum ac-
the largest (or the interior radius). ceptance shrinks a lot for the working poifitbecause the

3. The best sextupole couple is then applied and the prtune strongly varies with the momentum for this working
gram increments by 1. It starts again the previous point (Table 2). Besides, the multipole components excite



non destructive coupling resonances. Therefore, there isaperture for different multipole defect values is plottédt.
motion transfer between the horizontal and vertical planemost 1o can be gained by dividing the multipoles compo-
The transportation of the ions is still stable but their maxinents given in Table 1 by 1.5.

mum amplitude and thus the beam size in each plane may
increase (Fig 5). Finally, the best compromise seems to be
the working pointB.
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‘ L Figure 6: Dynamic aperture at 1000 turns for the work-
T e, T ing point A for different multipole defect values after opti-
mization (in red for the reference values given in Table 1,
Figure 4: Dynamic aperture at 1000 turns for differentn green for the reference values divided by 1.5 and in blue
working points after optimization (in gray fot before op- for divided by 2

timization, in red after, in blue foB and in green for”)

Table 2: Momentum acceptance of the decay ring for dif- CONCLUSION
ferent working points with the multipolar defects in the

dipoles given in Table 1 A first estimation of the impact of the multipolar defects

inside the decay ring dipoles on the beam dynamics was

(Vay V) Smin (1073) | max (1073) made. The dynamic aperture dramatically decreases, prin-
(22.228,12.16) -8 8.2 cipally due to then = 5 andn = 7 components. An au-
(22.14,12.16) —5.1 7.5 tomatic algorithm of the enlargement of the dynamic aper-
(22.22,12.24) -35 8.8 ture using the chromatic sextupoles was implemented in

BETA [2]. Different working points were compared with
their dynamic aperture. Finally, the dynamic aperture has
effectively been enlarged but the gain was not sufficient to
keep the whole beam in the ring up tas6 The insertion

of higher order multipoles such as octupoles or decapoles
could become useful in the future, which needs further
studies. Otherwise, the constraints on the field quality in
the dipoles will have to increase.
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Another solution to enlarge the dynamic aperture would
be to decrease the multipole components in the dipoles by
increasing the design constraints. On Fig. 6, the dynamic



