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Abstract

The wigglers of the DA®NE main rings have been the main source of non-linearities for the
beam dynamics in the collider. This paper describes a method to reduce the integrated odd
multipoles (the even ones tend to vanish for the periodicity of the magnet) by alternatively
displacing the magnetic axis of the poles to compensate the integrated odd multipoles in each
half-period of the wiggler. In order to check the effectiveness of this approach, tracking studies
have been performed. Tracking results have been used to tune the MAD model of the wiggler.

Published in the Proceedings of PAC’07, Albuquerque, New Mexico, June 25-29,
2007

*Work supported by the EC under the FP6 “Research Infrasctructure Action - Structuring the
European Research Area” EUROTeV DS Project Contract no.011899 RIDS
#jpayet@cea.fr



REDUCTION OF NON-LINEARITIES IN THE DA  ®NE MAIN RINGS
WIGGLERS*

S. Bettoni, S. Guiducci, M. Preger, P. Raimondi, C. Sanelli, LNF-INFN, Frascati, Italy

Abstract correspond to the multipoles with respect to the beam tra-

H T H T
The wigglers of the DANE main rings have been the 1ECtOrY (o” 1o the dipole, ™ to the quadrupole, ).

. . " .. It can be shown that each multipole with respect to the
main source of non-linearities for the beam dynamics "P) . . .

. . . eam trajectory can be written as a function of those calcu-
the collider. This paper describes a method to reduce trl‘aeted with respect to the axis of the wigalér?. as:
integrated odd multipoles (the even ones tend to vanish for P 995k, as-
the periodicity of the magnet) by alternatively displacing o0 k!

. . . T _ . A k—n
the magnetic axis of the poles to compensate the integrated by" = E 7n'(k Y by TrR 3)
odd multipoles in each half-period of the wiggler. In order k=n " '

to check the effectiveness of this approach, tracking studi%§1e effects of the non-linearities on the beam dynamics de-

have been performed. Tracking results have been used&gnd on the integral of these coefficients, defined as:
tune the MAD model of the wiggler. ’

I={ b, Tds n=23,... (4)
INTRODUCTION Magnet

Since the beginning of DANE operation the eight nor- Wheres is the coordinate along the reference trajectory.
mal conducting wigglers, used to reduce the damping time Because of the alternating sign of the current from a pole
of the rings, have been an important source of non lineat® the next one and the left-right symmetry of the mag-
ity for the lattice of the collider, because of the field roll-net, the integral of the even terrhg;” tends to cancel in
off combined with the large excursion of the beam trajeceach period. On the contrary the integral of the odd terms
tory from the axis (about 1.3 cm). This was experimentally2;+1~ does not, because in Eq. (3) both the even terms
demonstrated in fall 2000, when tune shift measuremenjth respect to the axis and the powersegfz change sign
performed by creating closed orbit bumps, evidenced fom a pole to the next one, so that their contributions add
large integrated octupole in these magnets [1]. along the magnet.

This non-linearity has been reduced by a factor 2.5 by In particular from these considerations and substituting
improving the transverse field uniformity by means of pold=d. (3) in Eq. (4) the only integrals to be reduced have the
shims. To further reduce the non-linearities another moif@rm:
drastic approach has been studied [2].

After briefly recalling the method, a more convenient op- Lj1 = /(C2j+2 b2j+2A TTR +
timization, which is easier to be implemented and allows to A 3
produce higher fields, is presented. +C2j44 b2jya” TR +-) ds  (5)

The method consists in alternatively displacing the mag-
METHOD netic axis of each pole so that the odd powerszof;
_ " N : change sign inside each half-period of the magnet. In this
Let = be a position along the longitudinal axis of theWay the contributions td,;,; from the regions inside the

magnet,y the vertical,z and z the horizontal transverse .
) . ) poles tend to be compensated by those coming from the
coordinates with respect ®and to the beam trajectory re- =
regions between the poles.

spectively. The magnetic field seen by a particle passing
in the magnet can be expanded around the beam trajectory

(zrR,0,%) in the mid-plane as: OPTIMIZATION
~ Several methods to displace the magnetic axis of the
By(#,2)= > by " (1) Poles can be envisaged:
=0 e Apply pole shims;

e Cutthe poles;

o~ T ; .
where the coefficients,” , defined as: « Shift the poles.

1 9"B,(&2)

bl =
" n! orm

(2) The first option has been rejected because the solution

=0 would strongly depend on the current and on the specific
*Work supported by the Commission of the European Communitiegrop_erFI?S of the iron used in the simulation. The se_cond
under the 6th Framework Programme "Structuring the European Reseaf@@SSibility has been already explored and described in de-

Area”, contract number RIDS-011899. tailin [2]. In this case the pole width is reduced, so that pole




shims need to be added to reduce the strong dependence
the integrated multipoles with respect to the beam-wiggle
misalignment. The new proposal of shifting the poles con
sists instead in displacing the axis of each pole without re
ducing their width, so that the shims are no longer neceg
sary and, as a consequence, the wiggler gap can be smal

Until 2006 the wigglers have been powered at 693 A
and a full map at this current has been measured. Recen
the wigglers work at 550 A, and the corresponding maj
is not yet available. The field maps of both the shifted an
unshifted poles configurations have been simulated to co
pare the results of the optimization.
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—Beam trajectory

rEigure 2: Section of the modified wiggler in ther plane
(solid lines). The configuration of the poles before the
modification is also shown (dashed lines).
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The shifted poles configuration

hThe .m?lrg)lorieranonal parameters of the wigglers Aeen simulated to determide as a function of the-shift,
shown'in table L. as shown in Fig. 3.

Table 1: Main wigglers parameters.

100 7
Full pole | Half pole .
Number of poles 5 2 0] 500
Nominal current (A)| 550 390 R [
Peak field (T) 1.70 1.43 € o B T
Gap (cm) 3.7 E 5 6 7 8 . 9 10 1 12
Pole width (cm) 14 =2 -0 850
Beams particles electrons and positrons R
Beam energy (MeV) 510 1007 10007 .
11.50

-150 -

Magnetic axis displacement (mm)

To move the magnetic axis each pole has to be horizor-
tally shifted, as shown in Fig. 1 in the-y plane and in Figure 3: Integrated octupole as a function of the magnetic
Fig. 2 in thez-z one. axis displacement. The straight line which fits the points

and the value corresponding to the optimal position of the
S e magnetic axis are also indicated.
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The values of the multipoles integrated over the entire
wiggler after the£7.3 mm shift (shifted poles) compared
to those of the starting configuration (aligned poles) are re-
ported in table 2.

Table 2: Integrated multipoles in the aligned poles and in
the shifted poles configuration. The unitsigfare Tri 7.

Iy I, I I3 I,
Ao e Aligned poles| 0.00 | 2.58 | -1.10 | 279.61| 314.4
Shifted poles | 0.00 | 2.10 | -1.38 0.07 | -62.9

@ <b>]4 The behavior ob;” as a function of in the whole wig-
Figure 1: Drawing of a pole in the-y plane (a) before and gler is shown in Fig. 4.
(b) after the modification. The case refers to a pole where To verify the impact of the modification on the beam
the particle is on the right of the vertical symmetry axigrajectory inside the wiggler, test particles with different
(geometric axis). Dimensions are in mm. initial conditions have been tracked through the simulated
field maps. The position and the angle at the end of the

To find the displacement of the magnetic axis whichwiggler are shown in Fig. 5 and in Fig. 6 as a function of
makes the integrated octupole vanish, several configurtire initial position for both the original and the modified
tions of the wiggler [3] with different displacements haveconfigurations.




The tracking curves obtained from the MAD model have
200 been compared to those obtained by tracking with Tosca.
150 7] The results are shown in Fig. 7 and Fig. 8 respectively.
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Figure 4: bs7 as a function of: in the configuration of 0027 ] Lomos
poles shifted byt 7.3 mm. 003 ] L oo
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Algned poles 0.08 1 Figure 7:x exit as a function of the entrance with respect
—— Shifted poles 0.06 to the reference trajectory. The difference is also shown.
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Figure 5:x exit as a function of the entraneewith respect | 15 0R02 =
to the reference trajectory. O From Tosca tracking 20 | 80RO
© From MAD tracking .
» Difference 257 L qonm
—— Aligned poles 0.08 7 XEatance XRe (M)
—+— Shifted poles 0.06 1 Figure 8: Exit angle as a function of theentrance with
004 1 respect to the reference trajectory. The difference is also
=) shown.
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YR 62 oo opo oot o, o003 o004  Toscatracking using the coefficients from the expansion of
0o the fit is satisfactory.
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Fnwanee TReD A method to reduce the non-linearities in the wigglers of

Figure 6: Exit angle as a function of the entrancevith DA®NE has been presented. The simulation indicates that
respect to the reference trajectory. the shifted poles method could strongly reduce the non-
linearities in these wigglers. The modification should be
implemented in DAPNE to confirm the results of the sim-
The MAD model ulations, and, if successful, the same method could be used
A MAD model of the magnet has been written to be in4n future design of more ideal wigglers.
serted in the model of the whole ring for beam dynamics
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