Tune Shitiz Oue to Sgstematic Decapme Fieid Errors
After Correction by Two Famiiies of Lumped Decapsies
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The zystematic fietd ervor in the SSC dipoles due to the persistent
surrerts mainiy containg the sextupale and decapole components. The
conceptual Design Report assumes that these systematic field errors are
compensated by distributed coils inside the dipole magnets and arocund the
Wacuum pipe. A more ecohomical way is to replace the distributed coils by
wrnped correctors in the primary spoois. However, the compensation is
then no tanger perfect and it is necessary to examine the effectivenass of
wmped corrections. S3C-N-145 (Chao, Forest, Petarson) exarmined the
zffect of jumping the sextupole corrections. The tolerable systematic
sexiupole field was found to be DE-SMO 4cm ‘ tn thig note, we exarmine

the corresponding effect of the decspole component.

A systematic decapole, specified by coefficient b4, contributes to tune

shifts that depend on §=4E/E and betatron emitiances e, g’ % ,ffﬁx Y

where A, , are the betatron amplitudes of the particle under

4,4
consideration. The tune shifts, to first order inb,, are
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where n is the dispersion function and < .. > means averaging over the
dincte magnets.

we assurne the 1attice is made of a string of FODO cells. For humped
correction of the tune shifts, we assume two femilies of decapoles De and

Dp, locsted at the focusing and defocusing quadrupoles. Let
Dc o HN:-J L/Bplg /24, where N 12 the total number of cells, the tune

.:,hn te due to the lummmj decapoles are



‘ , ) - R e T Ve
'._DFE'-F'!‘{F' *DEIL';-D'!'[D'}G'.:' o+ '::III'UFDFhnF+Lj['»'ﬁlf."hr![]-"'i‘,-,i':"" a7

&V, =
- T A +|"".\I - ..';!'-_ ;-;; £y
wJ'.-’Fj.-[“hFI'F L[|l']:|1|.!:;-f 27
(21
- - T
N a0 Ropr S8 T = TR R ilonc*Deno b s 72T
L'-."g = =(0=f = "’DQLF 1y Beinm - 3 ﬁrl.{DiDFﬁr"'QDr‘lU,’ -,xﬁfz'ﬂ

'Flig |
. 3:1[::FJE!,D"nF+DDBF2r;D) s.g{i/d-n

we azsume that the correction procedure is to uze the two decapole
farnities to rermove the &7 terms in the tune shifts caused by the
systermatic field error {1). This gives the decapole strengths
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Since the tune shifts contsin alsc amplitude dependent terms that are not
compensated by the two famifies of lumped decapoles, there are residual
terms in the tune shifts given by substituting (3) into {1). This gives
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where 1o firgt order in D4_.
4 = 3[]4!*2 { <Bx2'q> - (ﬁFz‘BDZ)-” (BFEF*I’{FZ‘503:‘}“02){5”3';3}

b= -?hfi{ (Bxﬁgﬂ> ‘213FBD{BF2‘BDQ)- 1[ (BFfr]Fz-BDanZ){BXn3x
rd ) 2\
+ lstleD 'BD#’T‘F }{Buﬂs}} }

Lz 372 (<P - (Be-Bp 2 BeBpBp/ng-Be/ng T Byns
+ ':.B'F:alﬁ[‘L-B[]&.’}ﬂFE){BQHE}] }

(%)



Mote that the contributions from the jumped decapoes tend 1o Cance) Lhe
soniributions Trom the sgsiamaing Jeoapoie combonent i wthe Jipoie
u.qgnpi- Cancetiing the chrimatic dependence of tune amifts thus also
aeipe substantiaily inreducing the ampiitude decendence of the tunes.
sternatlic decapoie component in the dipoie magnets can be
258 Jj b iies oF hrnped decapole magnets, will be
uet.-r rined o whether the residual tune shifts exceeds 0.005 in &
resonable range of § and ¢, i Thiz is discussed later.
We now campute the various {attice guantities ssauming FODO cells with
thi !-!en.z. qdadrupaies. Let the quadrupele focal length be f, the cell length
be 2L, and batatron phase advance per ceil be g Let the space between the
quadrupoles be Tilled by uniform bending with berding angle per celf Z8.
The beta funciions and the dispersion function at position s (0<s<l, 5=0
and s=L are Jocations of the defocusing and focusing guadrupolies,
respectivelys are given by

Boie) = ZL T+ /T - LI2f - sL/212 + 527262 / sinp
Vo 2L (Y - a1+ LA - sL/214 + 527202 7 sinp

sl = BEAfZ/L) (1 - LAdf + /21 + s2/81% - Le/B12) (6)
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i values at the decapoles are
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Tre averated quanlities < s can be written as (1/LYa" ds . Gsing the

eanlicit expressions (6) and using MACSYMA, we find
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where
A = (2451007 (481271
5 = {2L/siny) (4812/L]°
Substituting (7) and (8) into (5) gives
3z (3b4A02) (1 - L271612)72 12 (-1 1045712 8108414 ®
+297601 6 4-1720321% %)/ a12676801 12
b= (-3b,8) (1 - 12716127212 (L 10- 10512 84453214,
-1238401°L4+6021 1219023741 2676801 1
2= (30420 (1 - 121612872 L2 (<L 10212 Baspaord ©
-21292819 Fe5505024r9 2275281 201 'Oy g1 2avERor 12
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ecaze of 0% cetis L=t EqiSY reduces to
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in cAse af 9)° cells =21 =1, we have

o

-b4BLY 15459713720 = -1.13 b 48L° (1)

-b4BL° 1052567/62320 = ~13.2 b 46L°
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The ¢ coefficient 1s much larger than the a and b coefficients. Thig feature
seems to agree with tracking studies.{Leemann, report to appear] For given
9 and L, 90° cells have somewhat smaller tune shifts.

For the 33C Conceptual Design lattice, which has L=96 m, 8=0.00G181 and
=B, yieiding

5 = (-0172 m:’)) D4
b o= (6160 %) by (12;
¢ = (-1.42x109 m3) b

& linear aperture criterion that Izw ix 0.005 in the rangle 18] < 0.001 and
vy ¢ 760107 m (arnplitude of S rm &t B=330 m) requires |a,b,zl <
££2107m™1 which in turn sets the limit by < 0.047%107% em™ This is to

cornpared with the valye of by = SRR 4cm"4 for the case expected
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af 2 um Titarments. The Light toierance can be relased oy one of the
failowing methods {or a combination of thern):



ctiincrease the number of decapoie farnities. Inprincipie, Nve famiiie
san rernove compietely the first order tune shitts The remaining effect
are of second order in the decapole strengths and require more study,
azpecialiu by particie tracking. Ferhaps three famiiies suffice.
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121 Zhortening the celis The tune shifis are proportional to i
Twrn-rnicron filaments fulfill the iinear aperture criterion if cell length is
decreased frorm 192 mto 135 m.

(3} tze 90° cells. The tolerance on by, assurning L=96 m, becores
0.07410™ Y em™4.

14y tmpose o tighter constraint on the linear aperture. The horizontal
arnpiitude can be tojerated with little tune shifts. Reducing the need on &

from 0001 Lo O.0007 and A.g from S rarm to 4 mim are sufficient to mske

2-um filaments {olerable.

‘Whether these methods are practical remain to be studied. Tentatively, it
seems that as far ss the tune shift criterion is concerned, the
parsistent-current decapole field error due to 2 um filaments can be
talerated provided a combination of proper measures mentioned shove are
taken.



