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COMPENSATION OF THE INSERTION DEVICES EFFECT IN ELECTRON
STORAGE RINGS

AYu. Zelinsky, .M. Karnaukhov, NSC KIPT, Kharkov, Ukraine

Abstract increase of vertical phase volume in a ring. This coupling
of oscillations should be localized on a space of an
The method of designing of the local compensatiomsertion.
schemes for suppression of wigglers and undulatohen in ID there are only transverse fields the changes of
affects on lattice functions of low emittance storage ringcussing functions and tunes of betatron oscillations are
is described. The method is based on the analysis acaused by a edge-focussing effects of coils of these
optimization of a transport matrix of the insertion devicedevices. The tune shifts and changgunctions can be
section. The features of magnetic lattices permitting toalculated by a method of transport matrixes. The field of
compensate effects of various wiggler and undulatax ideal flat wiggler is well describe by a matrix of a
types are discussed. rectangular magnet. The matrix models of other types of
The effects of the insertion devices to lattice functiondevices also can be created
and parameters of storage ring UNK Kharkov arén a lattice of UNK Kharkov the installation of super-
discussed. The schemes of compensation are presentecconducting horizontal three-polar wiggler with a
maximum field up to 7 T and length 0.62 m is stipulated
1 INTRODUCTION [4]. We evaluated a tune shift of vertical oscillations,

Nowadays, the beams of photons obtained from inserticgzr?amge of horizontal emlt'taneg dlstprtlonB } fu_nctpns
. . . of UNK Kharkov depending on a field value in wiggler
devices (wiggler, undulator) (ID), installed on storag

rings - sources of a synchrotron radiation (SR), becam by use of the application package DeCA [5]. The field

o : .~ in_wiggler was changed from O up to 7 T. Results of
the necessary tool for realization of researches in scienc . o . !

. . calculations are indicated in table 1 and on fig.1.
and technology. Owing to this reason SR sources of the

third generation are oriented on magnetic lattices with the Tablel..

great amount of ID [1]. As the ID installed in a storage N“”f'ber By, Em|t£ance & Q.
ring affects on the electron beam, there is a problem o¢f in fig.1 (7] [m*rad]

suppression of ID effect on a beam dynamics in a rinu.1 0.00 2.480*10 4.25739
The methods of compensation of ID effect on particles 2 5.00 2.850*10 4.35516
dynamics in a ring should be universal and effective. 3 5.50 3.130*10 4.38047
In this report the technique of designing of the schemes4 6.00 3.534*10 4.41436
of compensation based on use of a matrix formalism and> 6.25 3.706*18 4.42998
optimization of elements of a transport matrix is offered| 6 6.50 4.090*10 451322
Compensation is carry out on a section of "insertion” 7.00 Motion unstable

where ID is disposed, in such a manner on a remainir@bviously, that for providing of normal work of a ring
ring of a focussing function are not changed, thus thghen the magnetic field in wiggler is big it is necessary to
effect of ID is localized on a section of "insertion" [2].  localize effect of ID on a space of “insertion” or to
With use of this technique we have designed variants efippress it by anyone methods. The scheme of
the scheme of local compensation of effect of flat wiggletompensation should ensure normal work of a ring for
for UNK Kharkov storage ring [3]. In this report we any modification of magnitude of a field in ID.

consider effects, to which the installation of flat wiggler

on an UNK Kharkov are resulted and we reducg DESIGN OF THE SCHEMES OF LOCAL
outcomes of application of the schemes of compensation. COMPENSATION

2 EFEFECT OF ID ON PARAMETERS OF It is possible to describe the focusing properties of the ID

by a transport matri,,, by a size 6*6 [6,7]. By making
STORAGE RINGS LATTICES a combination from matrixe®,,, , M, .., M,, of ID

The ideal ID in electron storage ring bring a modificatiorsections and matrixedfomp1 Yvulll/[co:qv:zz .+« Mcomp, Of

of a focussing functions, frequencies of oscillations angroups of compensatory elements we should receive a
increase of emittance and energy spread, emerging otesulting matrix of an insertion ID. It will be noted as
horizontal dispersion on a ID space. The field of spiral IBollows:

call coupling of horizontal and vertical oscillations, thatVcomp> M,,,. . . Meomp2x M,,,, . Mcomp1= M, 1)

changes focusing properties of a lattice and results in
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linear approximation will be saved, and the effects of ID

175 will be localized on a section of an insertion.
150
4 COMPENSATION SHEMES FOR UNK
125 KHARKOV STORAGE RING
100 In a fig. 2 the layout of an insertion consisting from
75 wiggler and compensatory a structures permitting to
receive arbitrary matrix of a focussing is shown.
>0 Q1Q2 Q3 Q4 Q5Q6
25
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Figure 1. Bfunction of UNK Kharkov with ID without F9ure 2: Layout of compensatory insertion.

compensation. i )
We designed two variants of compensatory structures for

(1) represents a system from 20 equations. When takiﬂr'#:K Kharkov. First variant (I) realized a transport

into account conditions of stability of particles motion inatrix of an insertion appropriate to length of drift space,
a storage ring [8]: where it is disposed, and uses 6 additional quadrupole

_ _ lenses. Second variant (ll) realized a transport matrix
DeqM""_x =% DeqM""z =1 ) _(2) appropriate to a focusing matrix of long straight section
we receive a system of 18 independent equations, fgf a storage ring, in which wiggler is situated. In table 2
sufficing of that is necessary to have 18 independefie parameters of elements of an insertion for two

parameters. Such parameters can be forces of quadrup@@ants of a transport matrix are indicated.
lenses, lengths of drift spaces, turn angles in dipole Table 2

magnets, rotation angles of quadrupole lenses. [In K1[T/m], B[T] L[M]
depending from kind of resulting matrix of a section of gn | M | T
insertir(])n thatbwe \f/v?]nt to re_ceive an(:) wh?jt type ID V”bl K1=-44.616 | K1=2.8997 02 0b
use, the number of the equations can be reduce. - -

The transport matrix of flat wiggler with poles is the 85 Eizlfgol;‘:’: Eizlla,%‘é? 83 8;
matrix of n rectangular magnets. Combining this matrix - . e & .
with matrixes of compensatory sections, whanR4 | K1=-132.98 | K1=14.8653 0.2 0.2
considering a condition (2) received a system of 182 | K1=98.909 | K1=-1.9405 0.2 0.p
equations. Thus, for suppression of flat wiggler effect it j<Q6 | K1=-54.539 | K1=2.8997 0.2 0.p
necessary to make a magnetic lattice with 10 varipVl | B=-3.5, B=-3.5 0.2067 0.206}
parameters, to impose requests on focusing properties W2 | B=7.0 B=7.0 0.2061 0.206}
a transport matrix of an insertidvl, and to decide this [ L1 0.4614 0.3
system. If requests to compensation of dispersiph2 0.1204 0.2
function are not to impose then amount of the equatignis3 0.2682 3.34953
and elements, required for compensation, is reduced up to 1 B L

6. where Kl:B_p&’B — magnetic field,L — elements
Most simple configuration of insertion lattice permittingIength

to c_omp(_ensate focusing properues of flat W|gglerF0r keeping of a kind of transport matrix when value of a
receive, if to surround wiggler by a system from

quadrupole lenses. In this case (1) has a kind: field in W|ggler is vary grad|_ents_ of quadrupole lenses are
Iy VoM Y, 3) changing directly as a field in wiggler.
comp2* My - MMeompl ~ Hp- . The amplitude functions of UNK Kharkov without 1D
The requests to focusing properties By can be . . . . .
. ; o and with taken into lattice of compensatory insertion and
arbitrary and are determined by real conditions of . ' .
. . are shown in a fig. 3. In a result of an operation of an
storage ring lattice and soluble problems. However mos ; . L .
. ; insertion the horizontal tune of betatron oscillations is not
natural are the variants, when the transport matrix of an

. S . . changed, and the vertical tune is increased on 1 and they
insertion is represented as a matrix of drift space or the
5.25832. In a result of

. . . o are Q, = 7.21114,Q, =
matrixes of a focusing section, where ID is disposed. In ficati f | SR th q
these cases all properties of lattices of storage rings ifriggnimication o energy losses on a € energy sprea
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has increased from 1.085*f0up to 1.258*10, and increased up to 1.258*TDand emittance up to 4.407*10

8
emittance from 2.48*1® m*rad up to 3.76*18 m*rad. TLn*radI. lati  the DA with taking | |
At the same time, horizontg8, - function at centre of ' ¢ &l ations of the with taking Into account only

wiggler has decreased almost twice (from 11.123 m up %ransverse motion and also longitudinal motion and

romatic aberrations were conducted. As the tune of
6.842 m), that allows to compensate effect of growth o : . : . )
. . ) etatron oscillations after including of insertion in lattice
emittance and energy spread on a horizontal size of & .
was provided were not actually changed, the DA not was

beam. changed. The minor magnification of area of stability in a
S0 . wWo vertical direction is caused by slack of sextupole lenses in

- Be By 25 bending section of a lattice, and remove of tune of
40 | vertical oscillations from a resonance Qz/4. The effect of

i chromatic aberrations on particles motion less essential,
than in case of an insertion as drift space and the

30 |
I magnitude of the DA is changed unsignificantly.
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We also calculated the dynamic aperture (DA) of a UNK Sim]

_Khark_ov. T_he calculgtions of the DA with and without QfFigure 4.1 -B=0T,2-B-B=0T, 3-f -
insertion _W|th_ taken mto ac_count only _transverse_ motlong7 T insertion I switch on4 - B, —B,=7 T insertion

and longitudinal motion W|t_h chromgmc aberration toq, g, itch on W2— center of wiggler magnet

were conducted. The DA in a vertical plane not was

changed, as the tune of betatroq oscnlatlon_s was not 5 CONCLUSION

actually changed, and the amplitude functions in a

vertical plane also was changed a little (fig. 4). The minorhe results of calculations of a compensatory insertion
diminution of area of stability in a horizontal plane isshow that the theory of transport matrixes allows
caused by an amplification of sextupole lenses in bendifglculating parameters of structures compensatory the 1D
sections of lattice that compensate the natur&ffects in storage rings. The designed compensatory
chromaticity. The taking into account of longitudinalschemes will be used in a storage ring UNK Kharkov.
motion of particles and chromatic aberrations show that
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