Lrbit Correction in the Lang Arcs of the 350

33C- 43

ictober 1989

AJW.Chao
J.Peggs

o Introduction

In the 33C, it is envisioned that there will be a horizontal orbit corrector
at each focussing quadrupnle (QF), a vertical carrectar at each
defocussing quadrupole (QD) and 3 beam position monitor (BPM) at each QF
and UD. Faor each plane, therefore, there are one corrector and two BFM's
per cell,

Jince there are about 420 cells in the 55C, a gtraightforward orbit
correction requires inverting an 420%420 matrix in which all elements
are in general nonzern, This can be avoided hy applying a beam bump
teczhr‘n‘que.1 A farmulation of this technique in which the matrix elements
vanizh except for three lines along the diagonal has been formulated in
Ref.2. Insection 2, we will summarize the result af the beam-bump
methad from Ref.2.

Jection 3 gives our study results using this technique for the case of a
long 2fring of FODO cells, Section 4 applies these study results to
estimate for the S50 (1) the rms correctcr strength needed for orbit
carrection, and (2) the rms orbit distortion after correction. The orbit
corrector strength suggested for the 35C is 10 times the rms value and
agrees with a previous estimate. -

2. The Beam Bump Orbit Correction?

Cansider either the horizontal or the vertical plane. The orbit correction

arrangement i3 as sketched in the figure below: .
Ain-2 A= 1 *n A+ | ¥n+2 n+3
* * * * * *




3 quadrupole; v, means the arbit

reading on the n-th BPM before correctiong 8, means the strength of the
n-th correctar for arbit correction inunits of kicking angle. The

g-function at the correctors 1s $o,a.. The - function at those BRMYs
where there is no corrector is § .. Let the phase advance per half cell be
P, Let thers be M cells in the long arc, we will see that the number of

ells not a crucial quantity.
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Let ¥ e the 2M-dimensional vector consizting of x's. Let @ be the
M- dl!‘!ltl’i’“lflnd] vector consisting of 8,°s . The recutt of ref.2 applied ta

the cace considered here is summarised below:
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where & 18 an MaM tri-diagonal matrix
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Given the orbit errar X, this scheme gields the corrector strengths @

needed to minimise the rms deviation of the orbit.

2. gtudies

Consider ab orbit error produced by a kKick with a unit {1 mrad) kick angle.
The orbit at the n-th BFM is

Ry = — cos (v | -yt (7)

where B and ‘L'e are the beta-function and betatron phase at the error
kick and o=z My,

The orbit error (73 is fed into the correction scheme for correction. Four
cases of error 1ocations were run, indicated by the indices in the
following figure:

Rpim2 =1 “n “net X+l ®ned
* * * * * *
%2 on On+2
case 1 3 2 4
case 2 &}



Sources for cases tand 2 are quadrupcls magnet misalignments. Zources
for cases 3 and 4 are dipole strength errar (for the horizantal arbit) and
dipole rall angie errar (for the vertical orttl.

We also studied two more cases (cases S and & indicated in the abave
figurel when the orbit is

Me = 0 for all nexcept X;=1mm for some 1, {&)

This represents an orbit error obtained when the i-th BPMis misaligned
by tmm.

Tables 1 to 6 give the orbit correction results for cases 1100
respectively, for a phase advance per cell of 29=60°, Tables 7 to 12 give
the same for 2$=80°. Note that the orbit before correction depends on the
tune of the storage ring, which in this study is determined ty the number
of cells M. The corrected orbit and the corrector strengths, on the other
hand, are anly iocal properties. They do not depend on M 3s tong as M is
large enough (M= 10, say).



Table 1 Anangular kick of 1 mrad is located at the n-th corrector,
The correction just powers the n-th corrector by -1 unit, a5 it
shouid, and the orbit after carrection is zera. The angles are
inunits of mrad. The orbits are inunits of mm. The last row
gives the rms’s to be used later, 2¢9P=50°,

i 8 x ; (before X ; (after
cerrection) correction)
n-95 Q. 000 0.0000
n-S 50.000 0.0000
n-4 0. 150,000 0.0000
n-3 100.000 0.0000
n-2 0, 150.000 0.0000
n-1{ | 20.000 0.0000
n -1.000 0.000 0.0000
n+1 20,000 0.0000
n+2 a. 150.000 ¢.0C00
n+3 100,000 0.0009Q
n+d Q. 190.000 0.0000
fi+5 50,000 0.0000
n+& . 0,000 0,0000

[5{)2)142
L&

1.00

0.0000



Table 2 Anguiar kick error is 1ocated at the {n+ 1i-th BRM, 2p=60°,

i 85 wi (betiore x; tafter
carrection) correctiony
n-6 0.0003 -30.000 -0.0065
n-9 0.000 0.0214
h-4 -0.0028 20.000 0.0706
n-3 50,000 -0.2331
n-2 0.0308 100,000 -0, 7698
n-1 50.000 2.942
fl -0.2350 50.000 8.397¢
n+1 0.000 -27.74
n+z -0.3358 50.000 8.397
M+3 50,000 2,043
i+ Q0308 100,000 -0,7693
n+S 50.000 -0.2331
n+o -0.0026 S.000 0.0706
n+? (.000 00214
M+ 0,0002 -50.000 -0.0065
[S (<= 0.477 30.4



Table & Kick errar between the n-th and the (n+1)th BPM. 24=£0°,

1 8, K thefare K fafter
carrection) correction)
n-6 0.000Z -36.60 -0.0047
n-5 21.13 0.015&
n-4 -0.0021 100,00 0.0517
n-32 78.87 ~-0.1706
n-2 0.0225 126.6 -0.5635
n-1 57.74 1.361
n -0.6635 36,60 6.147
n+1 2113 -20.30
i+ -0.2459 100.00 6.147
N+l 78.67 1.861
n+4 0.0225 136.6 -0.563%5
n+5 o7.74 -0.1706
n+G ~0.0021 36.69 0.0917
n+7 -21.13 0.0156
n+& 0.0002 -100.00 -0.0047
ASEIRE 0.713 22.3



Tahls 4 Kick error between the (n+1)-th and the (n+2ith BPM. 29=30°.
Results are closely related to those of table I by symmetry.

i 55 x; (befaore x; (after
correction) correction)
n-6 0.0002 =100.00 -0.0047
n-o -21.13 0.0156
-4 -0.0021 26,60 0.0517
n-3 57.73 -0.1706
n-2 0.022% 136.6 -0.5635
n-1 78.87 1.861
f -0.24549 100.00 g6.147
n+1 21,13 =200
n+2 -J.6635 36.60 6.147
n+3 g7. 04 1.8661
n+4 0.0229 126.6 -0.5635
n+o 79.87 -0.1706
n+o -0,0021 190.00 0.0517
n+y 21173 0.G126
i+ 00002 -26.60 -0.0047
(5 ()12 0.713 22.3



Table 5 The n-th BFM iz displaced by tmm. 24=60°,

i & %y (hefore xy (after
correction) correction)

n-o -0.00003 0.000 0.0GGE&

n-o Q.00 -0.0021

ri-< 0.0003 0.000 -0.0070
3

ft- 0.000 0.0271
f1-2 -0.007 1 0.000 0.0763
n-1 6.000 -0.2519
n 0.0633 1000 G.1679
n+ 0,000 -0.251%
ne2 ~0.003 1 0.000 0.0763
n+3 0.000 0.0231
n+4 0.0003 0.000 -0,0070
i+ 0.000 ~0.0021
N+ ~0.00003 0.000 0.0006

[T 000544 0,410



Table & The (n+1)th BFM is displaced by 1mm. 29=60°, Note that the
orbit “correction® on this type of E:rrc:nir:«' very tnefiective,

i 8, * ihefore % iafter

correction; correction)

n- ~0.000008 0.000 0.0002
n-5 0.000 ~0,0006
n-4 0.000064 0.000 -0.0021
n-3 0.000 0.0070
-2 ~0.000924 0.000 0.0231
n-1 0.000 -0.0763
f 0.000077 0.000 ~0.2519
el 1,000 0.6321
ne2 0.000077 0.000 ~0.2519
n+3 0.000 -0.0763
n+a -0,000024 0.000 0,023
S 0.000 0.0070
46 0.000085 (.000 - 0.0021
he? 0,000 ~0.0006
n+d -0,00000F 3,000 0.0002
(5 (Y2 0.00132 0.912



Table 7 Kick error is located at the n-th corrector, 24=907,

i 8] H]- (bhefore KI- {after
correction) correction)

n-f 0. -170.7 0.0000
n-9o -100.0 $3.0000
n-4 0. -170.7 0.0600
fi=-3 Q.000 0.09000
n-2 Q. 170,7 0.CO00
ri=1 100.0 0.0000
1 - 1.000 170.7 0.0000
1+ 100.0 0.0600
Mn+2 0. 170.7 0.0000
n+3 0.000 0.0000
n+4 0. -170.7 0.Q000
n+S ~100.0 0.0000
n+f Q. -170.7 0.00090

(5 ( 12]142 1.00 0.0000



Tahle 8 Error is located at the {n+1)-th BPM. 24=90°,

i 8, x; (beTore xy (after
carrection) correction)
n-6 0.0001 $.000 -0.0027
n-3 -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 1.661
1 -0.2743 100.,0 6.8%7
n+1 29,29 -23.27
n+2 -0.2743 100.0 6.657
n+3 29.29 1.561
n+d 00212 0,000 -0,5048
n+5 -29.29 -0.1370
n+6 -3,0018% =100.0 0.0372
n+y -23.29 0.0101
it 0,000 0,000 -0,0027
(5 ()4]142 0.389 27.2



Table 9 Error between the n-th and the (n+1ith BRFM, 24=90°,

) B Xy (befare X (atter
correction) correcticn)
n-6 0.0001 70,71 -0,0027
n-% -70.71 0.0101
n-< -0.0015 -170.7 0.0372
n-3 -29,29 -0.1370
n-2 0.0202 70.71 -0.2048
n-1 0.7 1.861
1 -0.6685 170.7 6.857
n+1 70.71 -25.27
n+2 -(.,27432 170.7 6.857
n+32 29,249 1.661
r+< 00202 -70.71 -0.5043
n+S -70,71 -0.1370
ri+6 SRR S -170.7 00372
n+y -29.249 Q0101
n+o 00001 YO -0.0027
[$(3<]1/2 0.742 27.2



Table 1@ Error betveen the (n+1i~th and the (n+2)th BRHL 24=90°,
Results are closely related to those of table 9 by symmetry,

i B; x; (before %y (after
correction) correctiony

n-o G000 70,71 ~0.0027
n-o -28.,29 0.0101
ghett -0.0015 -170.7 0.0372
n-32 -70.71 -0.1370
n-2 0.0202 -70.71 -0.5048
n-1 29.29 1.661
n (L2743 170.7 6.857
i+t 70.71 -23.27
n+2 -0.6385 170.7 6.8657
n+3 70.71 1.861
n+d 0.0202 70.71 -0.5048
n+3 -29.29 -0.1270
n+6 -(3.001%5 -170.7 0.0372
n+? =707 1 0,0101
n+i3 0.0001 -70.71 -0.0027

TR g4z 27.2



Tahle 11 The n-th BFM i3 displaced by T, 29=90%,

i B, % thefore % tafter
carrection) correction)

n-6 -0.,00001 0.000 0.0003
n-5 0.000 -0.0013
=4 0.0002 0,000 -0.0047¢
n-3 C.000 0.0172
n-2 ~0.002Z3 0.000 0.0635
-1 0.000 -0.2341
n 000037 1.0050 0,1371
n+1 0.000 -0.2341
n+2 -0.0025 0.000 0.0635
n+3 0.000 0.0172
n+4 0.0002 0.000 -0.0047
n+5 0.000 -Q.0013
n+6 -0.093001 0.000 0.0003
5 O42 0.00362 0.370



Table {2 The {n+1:th BPM is displaced by tmm, 2¥=30C°,

i 8, x; (befaore ¥y (after

carrection) correction)

n-6 -0.000004 0.000 0.000 1
n-9 0.000 -0.0003
n-4 0.000051 0.000 -0.0013
n-3 0.000 0.0047
n-2 -0.000689 0.000 0.0172
h=1 0.000 -0.0633
n -0,000635 0.000 -0.2241
n+ 1 1.000 0.8629
n+2 -0.0006835 0.000 -0.2341
n+3 0.000 -0.0635
n+4 -Q.000689 0.000 0.0172
n+3 0.000 0.0047
r+6 G001 0.000 - 0.0013
ey 0,000 -0.0003
o on+d ~0.000004 0,000 0.0001

502172 0.00133 0.929



4. Lorrector Strennth and Corrected GOrbit

ASsun |]”q all grrors are uncorrelated, the rms corrector strength needed
1o make orgit corrections is

- - . s )
<5212 2 {{1.000¢ < beq,ffr* + (0.477)2 <B¥gq/ 127
+ (071702 <8825 + {0.713)7 <592>
~ 1
¢ (0.00544)2 <y 2> + (0 onisz)%axbpmﬁ]‘“
(Ga)
12 2 W2 fA TECYE B c 2
-.J-l {11 D0« < {§x T.f‘r} = + (0,365} ‘U""quh}
~ o] i)
+ (074 zhB<> + (0,742)1< <§B4>

+ (0.00362)2 <8y 2> + (0.00133)2<dxy 2> 172

”bpn

(9b)

In Eq.{93), the numerical coefficients are obtained from the battom rows
of Tables 1 to 6 for phase advance per cell of 29=80%. £q.(9b) is cbtained
similarly from Tables 7 to 12 for 29=90°, In these expressions, &%'s with
subscripts refer to the misalignments of the corresponding elements; f is
the focal length of the FODO quadrupoies; §6 is the lutkmg angle error
that occurs in the dipole magnets.

The focal 1ength f is given by

1/f = dsing /L (10) .

cell

with ch]
horizontal or the vertical plane being considered:

1 the cell tength. The error §6 depends on whether 1t is the

<562>12 < (5p/B) GE/m”Q for horizontal plang

(11)
(rolty 8g/mi’<  for vertical plane
B



whiere 8B8/B 15 the error in dipole strength, (roll) is the roll angle
mizatigrment of the dipole magnets, 9g 13 the bending angle per half cell

and m is the number of independent dipole magnets per half cell.

For the 55C, we take”

S:a-:qf = E\‘qu = axhpm = 0.2mm

LCE’.” =Z200m

‘35. = §.0 mrad

§B/B = 1077 {12)
m = 9

rall = 0.3 mrad

The cell length value gives f = 100m for 29=60° and f= 7 1m for 29=90°,
'‘when the vatues (12} are inserted in (9a) and (9b}, we abtain the needed
rme corrector strength of

horizontal vertical
2r=go" 435 307 funit: prad)
’h,p:g[;O 488 364

. . . . z R
These values agres quite well with a previous estimate~ of 4.2 yrad in the
horizontal plane and 3.3 prad for the vertical plane.

Again following Ref.2, we take 10 times the rms valuas(*) for the needed
corrector strength for the 33C. At 20 TeY beam energy, this means an
integrated corrector field shown below

~ horizontal vertical
2$=60° z. 2.0 (unit: tesla-meter)
- 29=85° 24 2.4

{*} Taking 10 times rms may be generous but also note that the
errors assumed in eq.012) are rather tight.



The rms orbit distortion after correction, 3s read by the BFM's, is given
0y

12212 = {{0.0017 < (Brgp/ 1) + (30.4)% <Bxgq/ >

v (22302 562> + (22.3)2 <5025

. 2 !
+ (0.41002 <ty %>+ (0.912)2<8xy, %5 12
(13a)
w2172 = {0,002 < (B 117> + (27.2)% <xgq/ 122
. _ . s ‘- L “3
+ {27.2)C <agoy ¢ (721 <88=>
a - ¢ . g ."
- {0.370)F <8xppm =+ (0.920)2<6ry 2> 12
(13b)
Substituting the numerical values, we obtain
harizontal vertical
29=60° 024 0.22 (unit; mm)
24=90° 0.25 023

These values of orbit distortions seem guite reasonable.

The beam sees a different orbit as read by the BPM's, when the BPM
misalignments are subtracted from the readings, the orbit diztortion is
that seen by the beam. The rms values, however, remain the same as the
orbit distortion seen by the 8FM's because a1l the misalignment

subtraction does is to switch Tables 5 and 6 for 29=60° and switch tables
11 and 12 far 29=90°,



-
!

o ey
Heference:

(sl

{. A beam bump technique has been adopted before by K.3teffen in the
program PETROS. 1t was applied by a numerical tteration procedure.
rather than the closed form formulation used in Ref.2.

. 3.Pegygs, thesis, Cornell Univ,, 19G1.

. C.Moare, T.Murphy, J.Norem and M.Zisman, Ann Arbor Workshop on
Accelerator Physics Issues for a 35C, Decomber, 1984, UM HE g4-1,
page 7o.
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