
1447 

CINCYYSIS OF T’-E CLOSED ORBIT DISTURTIUUS 

IN THE HHF STDRASE RINS 

I.N.Birukov, V.fLMoiseev, P.N.Dstrourov 

Institute for Nuclear Research, 

60-th October Chniversary ProspUt, 7a, 

Hoscow 117312, USSR 

Clbstt-ac t 

The determination of the c 1 oeed orbit 

distortiar~s due to the magnet misalignment5 

and field iwrors is me of important problem 

in the storage ring. The simulation of the 

closed orbit distortions of the Nolcow Nescxl 

Factury Storage Ring Cl3 has been carried out. 

The probability and spectra of closed orbit 

distortions are presented. The tune shifts 

caused magnetic lattice impwfectim have been 

calculated. Both nain operation codes of the 

Storage Ring have been considered. 

Jntroduction 

The linearized transverse particle eotim 

can be expressed as a transformation C23: 
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where y is a particle coordinate relatively 

reference orbit, s is a lmgitudinal 

coordinate, C(s), S(s) are knoun as cosinelike 

and sinelike trajectories C21 and U(s) is a 

special solution of the motim equation with 

nonzfwt2 righthand side F(s). i’(s) can be 

written as f21: 
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Ulr’ = S(s) -jht’ -C(t) .dt -C(r) *J+‘ct’ *S(t) *dt. 
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The functlm S,C and U are easy received 

for magnetic lattice elements such as dipole, 

quadrupole and drift spaces with various 

imperfections. a ring transfer matrix fits’ is 

obtained by matrix multiplicatim and equatim 

for the closed orbit deterninatim is 
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The tune shifts can be evaluated free a 

change of the diagonal matrix eleeents. 

Girulrt;ionrncthodandwtwbati MS 

The simulatim of the closed orbit 

distortion has been carried out by sol vtng 

equation (1) and matrix tracing with a randoe 

distribution of imperfections. Ml results 

have been obtained by tlmte-Carlo method for 

nueber of realization up to 10’. 

.Storage ring magnetic lattice consist of 

8 dipole magnets, 4 bump dipole eagnets and 15 

quadrupol e 1 enses. Circumference of the ring 

is 106.7 m. Such imperfections as dipole field 

errors AS/B, dipole and quadrupol L 

misalignments in horizontal Ax and vertical Az 

planes are considered as a source of the 

distortims. Noreover the inf 1 uences of 

quadrupole gradient errors AS/B, longitudinal 

quadrupole misal ignnnts As, dipole tilts 

around horizontal axis A6 and quadrupole turns 

around longitudinal axis A~x on the ClWed 

orbit and tune shifts are taken into account. 

The simulation has been done for both 

individual and total cmtributim of the 

imperfections. The ieperfectim amplitudes are 

presented in Table 1 and Table 2. CI 6x6 

matrices have been used in order to takt into 

account transverse coupling due to the 

rotation Au. 

rtim results 

The distributions of the clowd orbit 

maximum deviation have been obtained as a 

result of simulation. These distributions in 

horizontal plane are shown in Fig. 1. The 

first and second moments of the deviation 

distribution are presented in Table 1. The 

spectra of the closed orbit distortims in 

horizmtal plane received from the averaging 

of total number of simulation realization are 

s’rown in Fig. 2. These spectra have maximum on 

harmonic nueber n=2 because the tune VdlUe is 

Qx=l.S75 for slow extraction mode and 61x=2.165 

for fast extractim code. 
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Table 1 

ilow extraction 

Factory Proton Storage Ring,” in 

proceeding of the XIII International 

Conference on High Energy Accelerators, 

Novosibirsk, USSR, 1987,vol. 1, 

pp. 264-269. 

1 I ast extractia 

Type of 
errors 

- 

dipole 

AB/B = lo-‘ 

Ax = lo-+ m 

AZ = lo-4 111 

quadrupol c 

Ax = lo-’ II 

A2 = lo-” 111 

all errors 

x-plane 

z-plane 

’ *m X.L 

1.19 

0.87 

0.15 

0.05 

0.09 

1.50 

0.29 

.z, ml 

3.44 

2.29 

0.30 

1.68 

1.19 

0.17 

1.37 

1.25 

0.69 

0.78 

4.31 2.23 

1.32 0.80 

2.78 

1.84 

0.33 

0.12 

0.19 

3.29 

0.54 

C21 P. Schmuser, “Basic course on 

accelerator optics,” in Rocwding of 

the 1986 CERN kcelerator School, 1987, 

PP. l-44. 
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FIG. 1 Distributii of the COD maximum: 

a) fast extraction, b) slow extraction. 
The distributions of the betatron tune 

value are shown in Fig. 3. R.n.s. tune shifts 

Aa 
x,= 

are presented in Table 2. 

Table 2 
Q) 

lp,.; .I.. i ,... i 
5 

&?4o~:c N”UPgER 
I 1 

25 Jo 

slow extraction Fast extraction 

Type of 
erra-% 

F-= 3 8.28 b) 

quadrupole 

Aw8 - t0-4 0.53 0.73 

Am - 1O-4 m 0.04 0.03 

ba = 10-‘rrd 0.01 0.02 

all errors 1.88 0.74 

8.22 

4.93 

0.42 

12.5 

l,l., I . 
5 

I 
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FIG. 2 Averaged s 
a) fast I) xi? 

ctrum of the COD: 
o&ion, b) slow extraction 
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b) 
HORIZONTAL TUNE VERTICAL TUNE 

Main sources of the closed orbit 

distortions are dipole field errors and dipole 

sisal ignmcnts but the quadrupole nfsalignments 

should be taken into account for fast 

extraction mode. The harmonic numbers frw n=1 

to n=lO are considerably excited. The betatron 

tune shifts do not exceed of 5. .lO-’ in both 

horizontal and vertical planes. me results of 

simulation will be used in order to place 

diagnostics devices around storage ring and to 

choice proper closed orbit correction 

algorithm. 
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HORIZONTAL TUNE VERTICAL TUNE References 

FIG. 3 Tuna dietributions: 
a) fast extraction, b) slow extraction Cl1 tl. I. Grachev et al, *ll~~~ow Meson 


