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-;-;·,e :.;~e.ter·c,atic ileid errcir in tJ1e 55C 1jipoles due to the persistent 
::.itTents rr1airiiy cont.:1ins U-1e :;extupole and decapole components. Tr1e 
.:oncept.u•:il Design Report assumes u·1at these systematic field error:; are 
.:ornpensated by distributed coils inside the dipole magnets and around the 
'·.'•JCuum pipe. A more economical ·way is to replace the distributed coi Is by 
lumped correctors in the primary spools. However, tr1e compensation is 
tr1en no longer perfect and it is necessary to exarnine the effectiveness of 
lurnped corrections. 55C:-N-145 (Chao, Fore st, Peterson) exarnined U1e 
eff eel of l urn pi nq t1·1e sextupol e correct ions. Tt1e to I erable S!,lstemat ic 
sei<tupole field .,~·as found to be b,.,:3xl0-4cm-2. In this not~, we examine 

4 

'.~:e corresponding effect of the decapole component. 

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

shifts that. depend on o=.!lE/E and betatron emitt.ances ex.y=Ax.y 21f\.y, 

·where A>;,y are lr1e betatron amplitudes of Hie particle under 

consi1jeration. The tune shifts, to first order in b4, are 
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( 1 ) 

!J. v,' = 
~:t 

-2t14<[1:J113> s3 - 3b4<f\Dy'f!> exS + 3b4<Dy 211> eyS/2 

i'il·1ere r11s t1·1e dispersion function and< .. > means averaging over t11e 
1jip0Je magnets. 

'•rle assume the lattice is made of a string of FODO cells. For Jumped 
correction of the tune shifts, we assume two f arni I ies of decapo I es DF and 

DD. located at tl1e focusing and 1jefocusing quadrupoles. Let 

C1 r.o=N(B,~""LiE1p)F.c/24. 'N!1ere N is the tot.al number of cells .. the tune 

::J1i fls due to the lurn(1e1j decapoles are 
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uV... = (DFD-c:nF -· +DriDnfi[l .' )6 -· / n ,. 3\DFDF"'"lF •Dc·,f r,''"nc1k.J.:J 4n 
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(2) .., .., .., 
= -•:DF J3c,11(-' •Dei!3FflD -'')6 ·' /rr - 3DF eD(DF'iF•Dc,rJ[J) ~x8/2n 
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Vie a:osurne that the correction procedure is to use the two decapole 
ferni lies to remove t~1e s3 terms in the tune s~1ifts caused by the 
.,,~stematic iield error ( 1) This gives the decapole strengths 

(3) 

Since the tune shifts contain also amplitude dependent terms that are not 
compensated by the two families of lumped decapoles, there are residual 
terms in the tune shifts given by substituting (3) into ( 1 ). This gives 

= a "x" + 

(4) 

where .. to iirst order in b4, 

b = -3b4 { <13xByri> - J3FJ3D(J3F 2-J3o2r 1! (J3F/flF2-Bo.lrio2l<J3xri3> 

• \i>Flrio2-BolriF2l<Byri3>1 l 
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'·ii:1~.e ti·1,jt t.J·,.e (.i:int:-it1utl1:in::. fi-i:1tr1 t.f·,e iiJrnpe1J 1jec,.jpC1!8::. tenij to C·5ncel tt·1e 
1:.c:r1tri trut 1 ein::. f i-r:irr1 tt·ie ~.i~Sterr1ijt Ir:. .Jei::jJPC1 I e C1)t°r"1Cic1r1ent l r1 tf·1e di ~10 I e 
rr"1i:Jqnets. C.:Jnc.cd 11 n1~ the cr·1ri:1rn.jt ii:. 1jec1endence of tune ::.h1 fts tl·1us ,j I so 
,-,e i c,::. ;.ut1~.tM1ti ·'ii I 1~ in re1juci r1q the ·'imp Ii t_,_i,je ,je;::e1-:den.:e c1f U-1e t_1.ine:;_ 

'·i·/hetr·ie( ;J s1J::.te1·natic decap1j\e c.urn~1onerit in tt·1e dipc1le rn.:Jqnets can be 
.:,:irr1c1en:: .• 'ite·j t''~ tv,.o farnilies of lumpe1j ijecaoole rr1•'ignets. will be 
(:letffr·;-,ined t,;, 1·'il-1ether U"1e residtial tune s~1ifts e:~ceeds 0.005 in a 
reson•'ible range of 8 and t)~,y- Thi~: is discussed later_ 

'w'e no·-N compute the various lattice quantities assuming FODO eel Is with 
t.r:rn-!erv:: qu3drupoles_ Let the quadrupole focal length be f, the cell length 
:1e 2L_, and betatron phase adv3nce per eel I beµ Let t~1e space between the 
quadrupoles tie filled by uniform bending with bending angle per cell 28. 
lhe beta functions and the dispersion function at positions (O<s<L, s:O 
and s=L are locations of the defocusing and focusing quadrupoles, 
respectively) are given by 
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__ ,, " 1 'f L / .-,f L I~ ·2 ·'.)I ,,f} ) " . = .iL 1_ + s,. - 1.:. - s 1.:1 + s-,.: - . ,. s1nu 

l\/s) = 2L ( 1 - s/f + L/2f - sL/2f2 + s2/2f2) /sinµ 

-~-1c·, - A1'4'2li \ ! 1 - L/4f +<'/'if+ s2/"'f2 - Le/'8f2 ., l,_6)_ , ! r.·•'.• - ·-· '· 1 I '-J \ .... ~ U ,_. I 

·~"•·'~;•;., "" 1 ue~ "t •he "~c"pole" "re '-'t-i:.i.•111;.. "?\.JI ·:OY \.I U-C: \.I ._,_..,, 

~ __ --:01 r , + Li?f) 1 ,, 1·nµ J""i=" -L.. •. I 1 -I ~ ._f 

= l L/sin(µ/2) 1 { [ 1 +sin(µ.12)] I [ 1-sin(u./2)] 1112 

Bo = 2L ( 1 - L/2f l I sinµ 

= [L!sin(µ/2)] {[1-sin(_u/2)]/[l+sin(µ/2)])1/2 

i'JF = 8 (4f2/L) ( 1 + L/4f) 

= 8L [2+sin(µ/2)] I 2sin2(µ/2) 

,,, 
'l[I = 8 i'.4f"/L) ( 1 - L/4f ) 

.. -, 
= dL [2-sln(~i./2)] / 2s1nL(_Ll/2) 

:::1n(11/··~;·) - I /··)f -· .............. -' - ._, ..... . 
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ir:e 0:1veraged quantities< ... ) can tie Yl'T1lten as ( 1 /L)j,.,L ,js ... U2.1ng the 
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;f ... n\ = Ei(L 8-63f2L6+ 1512f4L 4+26880f6L 2+645120f8)/645120f8 ... , . 
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(8) 

~ " 
A = (2L/sinµ)"' [48f"'/L] 

Ei = (2L/sinµ) [48f2/LJ3 

5ubstitutin1~ (7) and (8) into (5) gives 

(9) 



I.---- -1· r·-.···1·' __ 11- L f r-.,{1-.'11--j1·--- t,ri 1_ .• .:1::.f:! u _JI .... 1_.et1::., =•_,c.y ... ~. e1Jce·: .. u 

7 -
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c = -h OJ .) ··) ,i~.CJ7 / 1 ')i:;fl - 1 q "' b 8L3 ··4'·- ~"'+·-·-" ·-·-· - - -·"' ·4 

1 ,..,, 
in case of 90° cells. L=2 ·· ~t .. we have 

c = -b48L 3 1062567/62320 = -13.2 b4BL 3 

:: 10) 

The c coefficient is much larger than the a and b coefficients. T~1is featLire 
seems to agree with tracking studies.{Leemann, report to appear] For given 
9 and L, 90° eel Is have somewr1at smaller tune shifts. 

F'or the 55C Conceptual Design lattice, which has L=96 m. 8=0.006161 and 

U=6(1'', ldi811jing 

( 12) 

A linear'aperture criterion that lb.vx,i) < 0.()()5 in n1e rang le I.SI< o.oo 1 and 

"" 1 , < 7 fo; 1 o-8 m (arnp Ii tu de of 5 nm~ at B=330 m) re qui res la.b .. cl < 
"' :-1 

e:e:,.:107m- 1. ·which in tLirn sets the limit b4 < 0.047x1o-4 crn-4 This is to 

De compared wi U1 tJ1e val 1Je of b 4 = 0 11x1 o-4cm - 4 f m- the case expected 

1:if 2 urn filaments. Tr1e tight tolerance can be relaxed b~ one of the 
foilo"Ning methods ior a combination of n1ern): 



: 1 :1 ; nc1-e.%e u-,,;. r1urr1ber C•i dec.spo i e i.sn-1i I 1 e:: .. In p1-1 nc p I e, fl ve f .srni ii e:; 

:3n rernove c.:.rnpletel1~ Hie fi1-;t. 01-,jer tune :.i-iift:. 11-,e 1-en-,.sininq effects 
.:,1-e of ~.econd order in u-,e dec.soo le st.1-engtl"i::. an1j req,Ji re 1r1ore ·; tudy. 
~~·c1ec1a1:;~ tiy particle trackin'l Perhaps tl"iree fan-1ilies ::.uffice 

i2;. :3;-1odening the eel is. The tune shifts are cirociortional to L 4 

i"No-rrncron filaments fulfill the linear aperture criterion if cell length is 
1jecrease1j from 192 rn to 155 rn. 

1:3) Use 90° eel Is. The tolerance on b4. assuming L:96 m. becomes 

0.07:\ 1 o-4 cm -4_ 

(4) Impose a tighter constraint on the linear aperture. The horizontal 
~rriciiitude can tie tolerated vvith little tune shifts. Reducing the need on S 
from 0.001 t.o 0.0007 and Ay from 5 rnrn to 4 rnrn are sufficient to rnake 

2-µrn filaments tolerable. 

"l·ihether these methods are practical remain to be studied. Tentatively, it 
seems tr1at as far as the tune shift criterion is concerned, the 
persistent-current decapole field error due to 2 µm filaments can be 
t.o!erated provided a combination of proper measures mentioned above are 
taken. 


