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1. IntrclIjuction

- In the 55C, it is envi si oned that there wi 11 be a hori zontal orbit corrector

at each focussing quadrupole (QF), a vern cal corrector at each
oerocussi ng quadrupole (QD) and a beam position moni tor (BPM) at each QF
and QD. For each plane, therefore, there are one corrector and two BPM's
percell.

-

-

:3ince there are about 420 cells in the 55C, a stratqhtrorwerc orbit

correction requires inverting an 420~<420 matrix in 'NhlCh all elements
In.~ in general nonzero. This can be avoided by applying a beam bump

technique. 1 A rormuiat: on of thi s technique in whi en the matrix elements
vanish except for three lines along the diagonal has been formulated in

Ref.2. In secti on 2, we wi 11 summarize the result of the beam-bump
method from Aef.2.

:3ection 3 gives our stUdy results usmg this technique for the case of a

long string of FODO cells. Section 4 applies these stUdy results to
estimate for the sse (1) the rms corrector strength needed for orbit
correction, and (2) the rms orbit distortion after correction. The orbit
con-ector strength suggested for the sse is 10 times the rms value and

'7

aqrees with a previous estimate.:'

2. The Beam Bump Orbit Correction2

Consider either the horizontal or the vertical plane. The orbit correction
arrangement is as sketched in the f1 gure below:

----*----*----*

:<n-2 ~<n-l xn
'* * '*

6n-2 en
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reading on the n-th aPM before correction; en means HIe strength of the

n-th corrector for orbit correctton in untts of kicking angle. The

e·-function at the correctors isemJ~<' Trll~: ·e-function at those BP~1's •

where there is no corrector is J)mln" Let the phase advance per half eel'

~p. Let there be Mcells in the long arc. "Iy'e will see that the number of

cells is not ;), crucial quantity. -
Let Xl) be the 2M-ljirnensional vector consisttnq of xn's. Let €I be the

~l-dimensional vector consisting of en'S. The result of ref.2 applied to

the: case: considered here '8 summarised below:

e = :3 G

..
where 5 is an M~<M matrix

•
(2)

A ::1/ (.~mZ1X sin 2~) and 8:; -21 (.~max tan 2-f').

TrH? M-dlmensionat vector G is given by

G :: - A-1 T Xo (3)
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wnere A lS In Mxr-1 trt-diaqcnal matrix

a 0 a
a 1 a u

0 a 1 I)

A =
a

a 0 a 1

with

,.., 1
a - i l / r , )' [ 1 + ."'1 {1 +'~l'n"Y)L j-- \ t.:.. "J..:-"y.

and T is a 2MxM matrix

(4)

b c bOO 0 0
o 0 b c b 0 0
o 0 0 0 b c b 0

T = (5)

b 0 0 o c b

Vy; th

.....
c - 1/ (2d 4 + 1), b = cd,

The matrix A IS simple enough to allow inverston analytically. The result
is

ao a1 a2 a 1
3 30 a1 a...,1 ..
a"l a1 ao ;;]3

"-

A- 1 ("a ';= I.,oJ

a1 Jr, a7 aoL .'
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Gil,Ntl the: orbit error Xo, this scheme !~iel,js the corrector strengths (0

needed to rninim:se the rrns devtati on of the orbit.

-
3. Studles ..
Consider an ortn t error produced by a ki ck wah a um t (1 mrau) ki ex angl'
The ortn t ar the n-th BPM is

..
(7)

..

2sinnv

O'Nhere '~e and l~e are the beta-function and betatron phase at the error ..

kick and 111)= M\p.

Tne ortnt error (7) is fed into the correction scheme for correction. Fou
cases of error 1ocat: ons were run, indieaten by the; ndi ces in the
follov,/,jng fiqure:

Xn- 2 xn-l xn xn+1 xn+2 xn+3 •
* * * ~ "* *

$n-2 en en+2

I 1 I 1 •

case 1 3 ') 4....

case 5 6

•

•
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::iourc(.s for cases 1 and 2 are quadrupole magnet rmsauqnrnents. 50urces
ror C::f::E:::: 3 ::md 4 are ,jipole strenqth error (for the nortzontal ortntland
,jipole roll angle error (for the vertical orbit).

Vole a] so stuci ed two more cases (cases 5 and 6 i ntjicated in the above
fi,~ure) when the orbit is

~\n:: 0 ror au n except xi=lmm for some t, (8)

This represents an orbit error obtained when the j-th 8PM is misaligned
by lmm.

Tabl es 1 to 6 !~i ve the ormt correct: on results for cases 1 to 6
respectively, for a phase advance per cell of 2\P=60°. Tables 7 to 12 give
the same for 2',P=90°. Note that the orbi t before correcti on depends on the
tune of the storaqe ring, which in this stUdy is deterrmnec by the number
of cell s M. The corrected orbit and the corrector strengths, on the other
hand, are only local properties. They do not depend on M as long as M is
Iarqe enough (M> 10, say)•
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Table 1 An angular kick of 1 mrad is ]ocate,j at ttlf n-th corrector. .
T~I£ correction just powers the n-th corrector by -I unit, as it
should, and the orbit after correction is zero. The angles are
in units of mrad, The ortnts are in units of rnm. The last row
gives t}1e rmss to be used later. 2\P=60 Q

•

8i :-.: i (before x i (after
ccrrecti on) correctlont -

n-6 O. 0.000 0.0000
n-5 50.000 0.0000
n-4 0, 150,000 0.0000 ...
n-3 100.000 0.0000

0-2 O. 150,000 0.0000
0-1 50,000 0.0000

n -1.000 0.000 0.0000
50.000 0.0000

...
n+1
0+2 O. , 50.000 0.0000

n+3 100.000 0.0000

n+4 O. 150.000 0.0000

n+5 50,000 0.0000 -
n+6 O. 0.000 0.0000

[~ ( )2] 1/2 1.00 0,0000

•

•

•



Tabl e 2 Angul ar ki ck error is located at the (not 1i-th BPM. 2'P=60'".

e· 't . , "t" I -. - . ::<; 1,.aT .er1 «'i " II:;1ure.

corre:ction) correct: ont

n-6 0.0003 -50.000 -0.0065

- n-5 0.000 0.0214
n-4 -0.0028 50.000 0.0706
n-3 50.000 -0.2331
n-2 0.0308 100.000 -0.7698
n-l 50.000 2.543
n -0.3359 50.000 6.397
n+l 0.000 -2" "41.1

n+2 -0.3359 50.000 8.397
n+3 50.000 2.543- n+4 0.0308 100.000 -0.7698
n+5 50.000 -0.2331
n+6 -0.0028 50.000 0.0706
n+7 0.000 0.0214
n+6 0.0003 -50.000 -0.0065

[L ( )2]1/2 0.477 30.4



Table 3 f(ick error between the n-th and trie (n- 1)th 8F'M. 2'V=60°.

-

e· ;<i (before ~<i (after -1

COrre c:t ion) correct: onL

n-6 0.0002 -36.60 -0.0047 -n-5 21.13 0.0156
n-4 -0.0021 t00.00 0.0517
n-3 78.87 -0. t706
n-2 0.0225 136.6 -0.5635
n-l 57.74 1.661

..
n -0.6665 36.60 6.147
n+l 21. 13 -20.30
n+2 -0.2459 t00.00 6.147
n+3 78.87 1.861 ...
n+4 0.0225 136.6 -0.5635
n+5 57.74 -0.1706
n+6 -0.002l 36.60 0.0517
n+7 -21. 13 0.0156 ....
n+8 0.0002 - t00.00 -0.0047

[L ( )2J1/2 0.713 22.3 ..

..

..

..

"II



Table 4 Kick error bet"Neen the (n- 1i-tn and the (n+2)th BPM. 2~P=60°.

Results are closetu reiateo to those of table 3 bId summetru,

tj. 'b . ::<i (after
1 :":i \. et ore

t" .\ correctfonLcorree lon,

n-6 0.0002 -100.00 -0.0047

- n-5 -21.13 0.0156
n-4 -0.0021 36.60 0.0517
n-3 57.73 -0.1706
n-2 0.0225 136.6 -0.5635
n-l 78.67 1.561
n -0.2459 100.00 6.147
n+l 21.13 -20.30
n+2 -0.6685 36.60 6.147

- n+3 57.74 1.861
n+4 0.0225 136.6 -0.5635
n+5 78.87 -0.1706
n+6 -0.0021 100.00 0.0517
n+7 21.13 0.0156- n+8 0.0002 -36.60 -0.0047

[L ( )2]1/2 0.713 22.3

,...



Table 5 The n-th 8PM is displaced by 1mm. 2'P=60°.

:~i (before :><, (after

correct: on) correcti onL
e·1

n-6 -0.00003
n-5
n-4 0.0003
n-3
n-2 -0.0031
n-l
n 0.0033
n+l
n+2 -0.0031
n+3
n+4 0.0003
n+5
n+6 -0.00003

[~ ( )21 ' 12 0.00544

0.000
0.000
0.000
0.000
0.000
0.000
1.000
0.000
0.000
0.000
0.000
0.000
0.000

0.0006
-0.0021
-0.0070

0.023 ,

0.0763
-0.251 9

O. 1679
-0.2519

0.0763
0.023 t

-0.0070
-0.0021
0.0006

0.410

-

-

-
..

...

..

..
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Table 6 The (n+l)th BPM is displaced by lmm. 2'·P=60¢. Note that the:

orbit "correction" on trns t1dpe of t:rrorfui:3 vend intJlt?cttve:.

e· :<i (before ~<i (after,
correct: on) correct; ant

n-6 -0.000008 0.000 0.0002
n-5 0.000 -0.0006
n-4 0.000084 0.000 -0.0021
n-3 0.000 0.0070
n-2 -0.000924 0.000 0.0231
n-l 0.000 -0.0763
n 0.000077 0.000 -0.251 9
n- 1 1.000 0.6321
n+2 0.000077 0.000 -0.2519
n+3 0.000 -0.0763
n+4 -0.000924 0.000 0.0231
n+5 0.000 0.0070
n+6 0.000085 0.000 - 0.0021
n+7 0.000 -0.0006
n+8 -0.000008 0.000 0.0002

[L ( )2]1/2 0.00132 0.912



T~jtde 7 Ki ck error; s 10catecl at me n-HI corrector. 2'P=90·;'.

-
8 j xi (tlefon: Xl (after

correcti on) correct: ant -n-6 O. -170.7 0.0000
n-5 -100.0 0.0000
n-4 O. -170.7 0.0000
n-3 0.000 0.0000 -n-2 O. 170.7 0.0000
n-1 100.0 0.0000
n -1.000 170.7 0.0000
n+ 1 100.0 0.0000
n+2 O. 170.7 0.0000
n+3 0.000 0.0000
n+4 O. -170.7 0.0000
n+5 -100.0 0.0000

-170.7 0.0000 -n+6 O.

[l: ( )2]112 1.00 0.0000

..

'II

•

,



Tabl e B Error is located at the (n- 1)-th BPt'1. 2'·P=90°.

e· :<i (before :<i (after1

correct; on} correcttonL

n-6 0.0001 0.000 -0.0027
n-5 -29.29 0.0101- n-4 -0.0015 -100.0 0.0372
n-3 -29.29 -0.1370
n-2 0.0212 0.000 -0.5048
n-1 29.29 1.861
n -0.2743 100.0 6.857
n+1 29.29 -25.27
n+2 -0.2743 100.0 6.857
n+3 29.29 1.861
n+4 0.0212 0.000 -0.5048
n+5 -29.29 -0.1370
n+6 -0.0015 -100.0 0.0372
n+7 -29.29 0.0101
n+8 0.0001 0.000 -0.0027

[l:( )21 112 0.389 27.2



TJble 9 Error behveen the n-th 3nd the (n+ l)th BPM. 2'~=90Q.

-

-6 j .b . :';i (;~fter
'..' ( .-...·'1 ' €.iure

correct; on) t· )cQrrec Jon;_

n-6 0.0001 -70.71 -0.0027 -n-5 -70.71 0.0101
n-4 -0.00 15 -170.7 0.0372
n-3 -29.29 -0.1370
n-2 0.0202 70.71 -0.5048 ..
n-l 70.71 1.B61
n -0.6685 170.7 6.857
n+1 70.71 -25.27
n+2 -0.2743 170.7 6.857
n+3 29.29 1.861
n+4 0.0202 -70.71 -0.5048
n+5 -70.71 -0.1370
n+6 -0.0015 -170.7 0.0372
n+7 -29.29 0.010 t

...
n-e 0.0001 70.71 -0.0027

[2: ( )2] t i2 0.742 27.2
•

•

...

•



Tabl e: 10 Error bet'rveen the (n+ 1)- th and the (n+2)th 8PM. 2'·P=90".

Results are closen, re:latelj to triose of table 9 bId :;!dmmetrrd.

8· ~<i (before ' 't
1 ::<i 1,.Zlt er

correction) corrp:ctionL
n-6 0.0001 70.71 -0.0027
n-S -29.29 0.0101
n-4 -0.0015 -170.7 0.0372
n-,,:-, -70.71 -0.1370
n-2 0.0202 -70.71 -0.5048
n-l 29.29 1.861
n -0.2743 170.7 6.857
n+l 70.71 -25.27
n+2 -0.6685 170.7 6.557
n+3 70.71 1.861
n+4 0.0202 70.71 -0.5048
n+5 -29.29 -0.1370
n+6 -0.0015 -170.7 0.0372
n+7 -70.71 0.0101
n+8 0.0001 -70.71 -0.0027

[~( )2]1/2 0.742 27.2



-

•

..

..



Table 12 The (n- 1)th BPM is di splaced by 1mm. 2'·P=90O:>.

8 i Xl (before xi (after

correct; on) correctionL

n-6 -0.000004 0.000 0.0001- n-5 0.000 -0.0003
n-4 0.000051 0.000 -0.0013
n-3 0.000 0.0047
n-2 -0.000669 0.000 0.0172
n-l 0.000 -0.0635
n -0.000635 0.000 -0.2341
n+l 1.000 0.8629
n+2 -0.000635 0.000 -0.2341
n+3 0.000 -0.0635
n+4 -0.000669 0.000 0.0172
n-s 0.000 0.0047
n+6 0.000051 0.000 - 0.0013

- n+7 0.000 -0.0003
n+8 -0.000004 0.000 0.0001

[L ( )2]112 0.00133 0.929

-.
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4. Corn~ctor :strength and Corrt"cted \)rbit

Assuming all errors at-e uncorr~:Ljt€:(j~ tt'IS rrn'3 CCtT2ctDr:.trenqtt'1 nE€lj(lj_

to make ortnt corrections is

-

(98)

<e2:;.. 1/2 = {( 1.00)2 .;; CSXqf/f)2:;- + (0.389)2 <SXqd/f:~.2

(9b)

In Eq.(9a), the numerical coefficients are obtaineo from the bottom rows.
I]f Tables 1 to 6 for phase advance per cell of 2'-P=60 Q

• Eq.(9b) is obtained
sum larly from Tables 7 to 12 for 2~=90°. In these expressicns, sx's witr'
subscripts refer to the misalignments of the corresponding elements; f i

the focal length of the FODO quadrupoles: se is the kicking angle error
•that occurs in the dipole magnets.

The focal length f is given by

1If = 4 sin'P / Lcell (10) •

with LCe11 the cell length. The error sa depends on Whether \t 15 the

norizontat or the vertical plane being considered: •

<oe2> 1/ 2 = (88/8) BS/ m1/ 2 for horizontal plane

(1 1)

(roll) as/ m1/2 far vertical plane



where 68/8 is the error in dipole strenqtn, (rOll) is the roll angle

misalignment of the dipole magnets, 8B is tne bending angle: oer half cell

:.md m is the number of independent dipole maqnets per half cell.

'7

For the S5C~ we take..)

SXqf ;;; ,sXqd :: &XbPm ;;; O.2mm

Lcell =200 m

as = 6.0 mrad
. -~

SB/B = 10 .,)
m :: 5

roll = 0.5 mrao

( 12)

The cell length value gives f;;; lOOm for 2'9=60 0 and f:: 71m for 2t=90~.

"Hhen the values (12) are inserted in (9a) and (9b), we obtain the needed

rms corrector strength of

-
2'-9=60°
2\9=900

horizontal

4.38
4.68

vertical
3.07
3.64

(unit: urad)

These velues agree Quite well With a previous est imate3 of 4.2 ureo in the
nortzontet plane end 3.3 urad for the vertical plane.

Again follow,ng Ref.3, we take' 0 times the rms valuesC* ) for the needed
corrector strength for the sse. At 20 TeV beam energy, this means an
integrated corrector f1eld shown below

horizontal
3.0

3.4

vertical
2.0

2.4

(unit: tesla-meter)

(*) Tak1ng to times rms may be generous but also note that the
errors assumed 1n eq.( \2) are rather tight.



The. rms ormt distorti on after correct: on, as read t11d the BPr1's, i s '~i ven
by .

( 13a)

( 13b)

...

-

-

•

•

')'P-6f1Q
_. - 'J

2'P=90°

5ubstituting the numerical values, we obtain

hori zant a1 verti ca1
0.24 022
0.25 0.23

(untt: mm)
•

These I/OIues of orbit di start ions seem ourte reesoneb18.
•

•

The beam sees a ctrrerent orbit as read by the BPM's. When the BPM
misalignments are subtracted from the readings, the orbit distortion is
that seen by the beam. The rms values, however, remain the same as the

orbit distortion seen by the BPM 1s because all the misalignment
subtraction does is to switch Tables 5 and 6 for 2\P=60° and switch tables
11 and 12 for 2~=90°.

,.

•
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