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Abstract [

The descripton of the Nuclotron magnetic field correction is pre- "o [
sented. The influence of the structure magnet misalignments and
the field imperfections obtained from magnet measurements on 5|
the beam dynamical parameters is considered, and the correc- o NS s
tion schemes are rewiewed. This influence and the correction I H% [
efficiency are investigated with numerical methods. U
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[. INTRODUCTION

To provide long-term prospects in the area of both relativis-
tic nuclear and applied physics a project of accelerator facili—(my)w5 ]
ties named Nuclotron has been developed in the Laboratory of ¢ 4 8 12 16 20 24 28 3
High Energies JINR [1]. This project includes a superconduct- Distance (m)
ing synchrotron (under commissioning now) and a booster syn- . . . .
chrotron [2]. The existing linac used as an injector can accelerafgure- 1. TW'S_S’?X'Z and dlsper_sloer functlon§ of the Nu-
ions from deuterium to xenon with charge to mass ratio Z/A | otron ;uperpenoq. F, D—focusing and defocusmg quadrupoles
the range 0.33-0.50. In the Nuclotron ions are accelerated uﬁgpecnvely; M- o_ll_pole magnets; C — multlpolgr correctors; P —
relativistic energies of 6 GeV/u. General parameters of the Rf;g:k-ups. The posmqns of the correctors and pick-ups are shown
clotron ring [3] are given in the table 1. The lattice of Nuclotro or the 1-st superperiod.
includes 8 superperiods. The structure of one superperiod and its
optical functions are shown in fig. 1. Each superperiod contaig%
3 regular FODO cells with dipole magnets and 1 cell with Iarg‘:eaI

drift spaces occupied with elements of the injection—extractiq : : . : . o
) . ermined by the dispersion of integrated fields in dipole mag-
systems, RF-voltages, the internal target equipment etc. Sma : . .
. . ) nets. Four conventional C.O. correction algorithms are used for
drift spaces at the lattice quadrupoles are used for the diagnostic

. o Nuclotron: least squares, harmonical, bump correction and M-
elements and multipolar magnets of the magnetic field correctleg\DO method. Itwas found in numerical simulation studies [5]
systems. X

. : : thgt 3.5 mm maximal orbit distortions could be reached with cor-
The correction systemincludes 20 pick-up electrodes, tune and,. .

. . . : chtlons in both planes.

intensity measurement systems, 29 superconducting multipolar

correcting magnets correcting closed orbit (C.O.) [5], chromatic-

ity and octupolar detuning [6], betatron resonances up to the 4IM TUNE, CHROMATICITY AND AMPLITUDE
order [9]. Nuclotron operates with the horizontal and vertical DETUNING CORRECTIONS

tunes (Q and Q) between 6 and 7 with the nominal operating

point at Q=6.80, Q=6.85 (see fig.2).
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Dispersion function Dy, (m)

uss) remanent fields give the main contribution to the verti-
orbit distortions, while the horizontal distortions are mainly

Dipoles, F and D quadrupoles of the lattice have 3 indepen-
dent power supplies. To keep tunes constant for the cycle of
. MULTIPOLAR CORRECTOR acceleration the ratiOSFJD/l Dip of the .Currents FI,D in F and
D quadrupoles to the curreng;}, in dipoles are changed to
Multipolar corrector [4] has 4 superconducting windings. Twgompensate for the changing the values BbJ(BL) pip, where
of them, skew and right dipoles, are used for the C.O. correctiqB| )-average integrated fields in quadrupoles and dipoles (that is
Other windings are of quadrupolar, sextupolar or octupolar typgginly due to the saturation phenomena). At constaplpip,

(skew orregular). Allwindings are placed onacylindrical framehe tune shifts can be as large-88.45 in the range of the main
work wrapped with the hollow tube. Helium flow inside the tubge|d B,=1.7-2.0 T.

cools the windings due to a thermal contact. The iron cylindrical For the chromaticityfx = —7.7, x» = —7.9) correction there

yoke around the windings allows to encrease the maximal figlgk 2 families of sextupolar windings placed in the multipolar cor-
in the center of a corrector by a factor of 1.7-1.8. The yoke apgctors of each superperiod. The same correctors also contain

windings are placed in a cryostat cooled with liquid nitrogen. 2 tamilies of octupolar windings to compensate for the ampli-
tude detunings. The currents of the families are chosen so that
Ill. CLOSED ORBIT CORRECTION the tunes of particles move away from the line of the resonance

Table 2 presents calculated and measured maximal vald@s— Q, =0 with the increase of the amplitudes of their oscilla-
of C.O. distortions. It can be seen that at injection,,(8291 tions. Itis also possible to use complicated sextupolar—octupolar
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I \ 20,=14 /," General Nuclotron parameters
N7.0 £
@/ \ O 77
0 \\Qx N 0 /] g 1 Injection energy for nuclei 5 MeV/u
8 6.9 [ \g o 1@[ ! ﬂ' /o ] for protons 20 MeV
SN S Lo Gperating S 1 Max energy for nuclei (q/A=0.5) 6 GeVlu
6.8 \/\/ Point #* /Qw// o 1 for protons 12.8 GeV
Fo , \ N ] Circumference 251.52 m
067 / Duration of acceleration (0.5-1.5) sec
E Max accelerating voltage 50 kV
Vs Transition energy 8.6 GeV
> Field in dipoles at injection 0.029T
maximum 2.083T
6.3 L’ N Gradient in quads at injection 0.490 T/m
e A maximum 34.6 T/m
6.4 e— — ‘ Betatron tunes Q, 6.8, 6.85
64 65 66 67 68 69 70 7 Chromaticityy , = 5Oy »/5p/p 77.-79
Horizontal tune Q, Compaction factor 0.0135
Figure. 2. 2-nd and 3-d order resonances and Nuclotron operat- Max closed Orb'? (after correction) 3.5 mm
ing point (O.P.). Acc_eptance horizontal 407 mm mrad
vertical 457 mm mrad
Emittance at injection 307 mmmrad
minimum 27 mmmrad
correction schemes that take into account the 2-nd order sextupo-| pMaximum momentum spread T4 x 1073
lar effects [6].
Table I

V. CORRECTION OF BETATRON RESONANCESCaIcuIated values of maximal closed orbit distortions [mm] due
to different sources of imperfections and measured distortions.

Table 3 gives the list of resonances up to the 4-th order to be Bo=471 Gauss.
corrected (see the diagram in fig.2) and their rm.s. stopbands
estimated with the magnet measurements [7] and geodesic data| Source of Vertical | Horizontal
The correction system is capable of correcting resonances 1-2| imperfection distortion | distortion
and 3-4 simultaneously, i.e. it can correct each of these reso- | Lense misalignments 13 2.0
nances without affecting the correction of the others. For the 3-d | Dipole tilts 0.6 0.0
and the 4-th order resonances such simultaneous corrections are (BL) dispersion in dipoles 0.0 11.0
possible only for the combinations of sum and difference ones: | Season ground motion 21 3.6
5-6 or 5-7; 8-9 or 8-10; 11-12 or 11-13; 14-15 or 14-16. Gener- | Remanent fields 18.2 4.2
ally, correctors of the resonanoeQ, + nQ,=N create the N-th Measured values 18 20

appropriate multipole harmonic. The sinus S and cosinus C com-
ponents of this harmonic have the following dependence on the

main filed Bo: VI. ALGORITHMS FOR THE NUMERICAL
INVESTIGATION OF THE CORRECTION
C=CG + CyBy + Ci(dBy/dt), S=S + $B, + S(dBy/dt), EEEICIENCY

where the constant terms @nd $ are due to remanent fields, The correction efficiencies have been investigated numerically
while those proportional Band the derivative dgdt are pre- with Monte-Carlo simulation algorithms. Generally, one step of
sumably due to misalignments and/or field imperfections, atite simulation includes: 1) random generation of multipolar field
eddy currents respectively. Itis the terms proportionaldthat components or magnet misalignments according to their mea-
were taken into account in the estimations of the stopbands giwemed average and r.m.s. values; 2) calculation of the maximum
in the table 2. The eddy current terms have been estimated\elues of C.O. distortions, or tracking test particles to determine
cording to [8]. For the Nuclotron vacuum chamber width a=01bine spreads and/or increase of effective emittance; 3) calcula-
mm and (dB/dt)nax=20 kG/s they were found to be quite smaltion of corrector strengths according to a correction algorithm;
in comparison with the others. The remanent field contributi@t) repetition of the step 2 taking into account fields in correctors.
is considerable and should be carefully taken into account. Fatithe end of the cycle the statistical distributions of the maxi-
experimental data on the betatron resonance corrections willrbal C.O. distortions, tune spreads or effective emittances before
obtained in the planned Nuclotron runs. The detailed descriptiand after correction are plotted.
of the resonance correction schemes and the possible sources Bigure 3 gives an example of the symultaneous correction of
relevant magnetic imperfections are discussed in [9]. the resonances 2@13 and 2@=13. The resonances are driven
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Table 1l P(%) Before correction 1= 0.02 mm{ P(%) Before correction |,=0.02mm
Corrected betatron resonances and estimated r.m.s. stopbands’ Qx=6:55 ° 022655
(dy at @=6.80, Q=6.85, emittances,5=30r mm mrad and 12 12
B,=2.33 kG. , \
N [ Resonance 100(d) | Type of | Number of A O/ =021 o OO0
fleld CorreCtorS 00 10 20 30 40 50 60 OO 10 20 30 40 50 60
1 | 2Q«=13,14 10.5 | regular 8 (Blmox/ 1100 (8lmo/1)z+100
2 2Q1:13,14 105 quad 50 After correction e After correction
3 | Qx— Q=0 6.0 skew 4 P P
4 | Qc+ Q=13 6.5 quad.
5 [ 2Q, — Q=7 0.55 | regular *
6 | 2Q,+ Qx=20 0.60 sext. 4 20
7 | 3Q=20 0.30 10} ((Blmon/1)> = 0.009 10 [((Blmex/1)2> = 0.008
8 | 2Q« — Q=7 0.35 skew . ‘ .
20 g%_‘;OQZ:ZO 8‘2% sext. 4 (Blmu/)s100 ’ (Blm/)2100 ’
11 | 2Q, — 2Q,=0 0:10 regular Figure. 3.  Statistical distributions for maximal distortions
12 | 4Q, =27 0.03 oct. 4 81/ of linear invariants | ; under the influence of reso-
13 2Qx.+ 2Q,=27 | 0.08 nances 2Q,=13 before and after correction with 4 correctors.
14| 3Q, — Q=13 0.09 skew The simulation was performed for 100 random sets of effec-
15 | 3Q + Q,=27 0.11 oct. 4 tive lengths of the lattice quadrupoles with dispersfaii/L )
16 | 3Q,+ Q=27 | 0.11 =4.5x<10°2.
7] Donyagin A. M., Eliseeva l. A., Kovalenko A. D., Analysis

[
by the dispersior dL/L ) of the efective lengths of the structure

guadrupoles at the fields of injection, dienotes the linear in-
variant x? + (x'b + xa)?]/2Bx in the horizontal plane, angd+

in the vertical. To determine the values éf (1 )1'3* 4 test parti-

X,z

sets of quadrupolar magnets.

[9]
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