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METHODS OF RECONSTRUCTIO
NONLINEAR COMPONENTS/

O. Boine-Frankenheim, KNOWLEDGE OF NONLINEAR ERRORS
these proceedings ALLOWS TO CONTROL AND COMPENSATE
RESONANCE DRIVEN BEAM LOSS
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NTRM-MODELLING LINEARIZED TQ‘%F’W»%

IF THE CLOSED ORBIT IS DEFORMED BY N, OF STEERING ANGLES 6, AND &,

Nt
X-/Y- CLOSED ORBIT (CO) AT NONLINEAR ERROR X Yeol = ZMI);’ye

t=1

EQUATIONS OF MOTION FOR A PARTICLE WITH A SMALL AMPLITUDE IN AN
ACCELERATOR WITH A DEFORMED CO

Horizontal/Vertical ST:;I:;nrear "% S 6X' | T (kX T E) 6X = Téy
Sy +(k, —k)dy = j&x

Nonlinear Error

=1
Horizontal/Vertical Steerer

~

=1 k and J are the feed down components due to the deformed CO

CONTRIBUTION TO THE MACHINE TUNES WITH RESPECT TO THE DEFORMED CLOSED ORBIT
1 < ~ k1 - K1 k2 — szco _J2YC0
AQ,, =——[B,,(s)k(s)ds 5
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Fractional AQx x 107

RECONSTRUCTION OF CONTR
SEXTUPOLAR ERRORS IN GSl&_

THE FIRST ORDER CONTRIBUTION ON THE MACHINE TUNES
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X X X
« Q1| = {B.aKxMy; +B oK, My, AT
< X X X
N, Q2| ={B KMy, + B oK, My, HATT
\ t=1
6 =s3 Normal | | MK, Calc. Exp. | Rel. Err,,
n > errors x1072 [m?] %
. S1 1 -2 -1.99 -1.79 10.5
// 2 1 1.00 1.02 1.8
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-4 -S4 2 -3 -2.99 -2.74 8.7
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EXPERIMENTAL BENCHI\/IARKINSJN
CERN-SPS Wf. B2

SET 2 PROBING NORMAL
OCTUPOLAR ERRORS AND
USE 2 HORIZONTAL STEERERS

?

CHANGE THE CLOSED
ORBIT AND MEASURE THE
TUNE RESPONSE

. g

RECONSTRUCT THE 2
OCTUPOLAR ERRORS




i\, a , 3
THE EFFECT OF THE OCTUROLES ¢

THE SECOND ORDER CONTRIBUTION TO THE MACHINE TUNES WITH RESPECT
TO THE DISTORTED CO (CONSIDERING SEVERAL OCTUPOLAR ERRORS)

Qv }Z K, (M2)? +O(2)

1
2
Z Qv (6,)°

| IS INDEX FOR OCTUPOLES (N;=2), t IS INDEX FOR STEERERS (N;=2)

\

A SECOND ORDER CONTRIBUTION FROM SEXTUPOLES 0(2) EXISTS

WHEN THE NORMAL OCTUPOLAR ERRORS ARE EXCITED, ONLY HORIZONTAL
ORBIT DEFORMATION CAN REVEAL THEM
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DIFFICULTY DUE TO SYMMETRIC ARRAN M%‘\
OF OCTUPOLES AND STEERERS IN CE IN-SP:

TWO SERIES OF OCTUPOLES LOF AND LOD ARE ARRANGED WITH THE
SAME PERIODICITY (6)

ALL THE STEERERS ARE SYMMETRICALLY PLACED IN THE RING

LOD LOF LOD LOF LODLOF LODLOF - ..

IR

steerer steerer steerer  steerer

L

j |
virtual
steerer +




BREAKING THE SPS SYMME'@W”,&;' ‘

LINEAR SYSTEM (2 X 2) TO SOLVE

xQ;Xl — {3XLODK3 LOD (M LOD 1) + 3x LOFKB LOF (M LOF 1) }/2/41T

X szxz ={BxLooK3L00 (M)L(OD 2 )2 +By oK 10 (M)L(OF 2 )2 H2lam

Q2= Q1

COMBINING STEERERS GENERATES A NEW OPTICAL STRUCTURE!!!

S*=(S1,S2)=(8,,0,)=9.

QY =2(, Q11 +, Qrz) #, Qu




ARl A
THE EXPERIMENTAL COND|EIJW$,§

ENERGY 26 GEV, INTENSITY ~ 1011

HORIZONTAL STEERERS:

MDH10207 (AS S)
MDH10207 AND MDH20407 (AS S+ )

A FAST TRANSVERSE KICK WAS GENERATED ON BOTH —X AND —Y PLANES
QX, QY WERE MEASURED FOR 1024 TURNS
THE STEERING RANGE [-150 pRAD; 150 puRAD]

CHROMATICITY SEXTUPOLES WERE SWITCHED ON

TWO OCTUPOLE FAMILIES WERE EXCITED WITH THE STRENGTHS
LOF=2 m=3 AND LOD=4 m-3
5=l




MEASUREMENT

TUNE RESPONSE vs. CLO:
ORBIT DEFORMATION (CO

Chromaticity sextupoles

SIMULATION
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DIFFERENTIAL TUNE RESPQ
CONTRIBUTION OF OCTU

%E “.s

MEASUREMENT SIMULATION
e S
. gt
3 : x
< c
<]
450 -100 -50 O 50 100 150 -150 -100 -50 0 50 100 150
Steering angle S and S™, mrad Steering angle S and S¥, mrad

Q=23 B K MY +0(2)

LARGE TUNE FLUCTUATIONS WERE OBSERVED IN THE MEASUREMENT

STEERERS S AND S+ WERE VARIED ALMOST TO THE MAXIMUM STEERING
RANGE [-150 pRAD; 150 uRAD ]

OCTUPOLES WERE EXCITED STRONG LOF=2 M= AND LOD=4 m-3
I




X closed orbit, mm
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MEASUREMENT OF INITI@
CLOSED ORBIT (CO) L

PRECONDITION FOR NTRM IS INITIALLY CORRECTED CO
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MEASURED AND SIMULATE
CLOSED ORBIT DEFORMATION (G

A CO EXAMPLE FROM A SINGLE BPM (#20608)

MEASUREMENT SIMULATION
107 8pH 20608 | S 19 "BPH 20608
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- 5F—— s.Chromalitcilstfysemtlp?ﬂesa d octupoles ﬁf . £ L s Ci?omatitcu;ysextfup?n;sa octupoles
£ —=8—— s+ Chromaticity sextupoles and octupoles E —=a— s+ Chromaticity sextupoles dnd octupoles_ .~
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Steering angle S and S7, prad Steering angle S and S ¥, urad

steerer S is steerer MDH10207

steerer S+ is a combination of steerers MDH10207 and MDH20407
I 5=l
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MEASUREMENT AND SIMULAT]
DIFFERENTIAL CO RESPONSE

SUBTRACTING CO MODULATION WITH- (LOF=2 M3 AND LOD=4
M3) AND WITHOUT OCTUPOLES FOR EACH STEERER S AND S+
RESPECTIVELY

MEASUREMENT SIMULATION
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50 .
APPLICABILITY OF THE NTRM 'ﬁﬁ*

SIMULATION
E*; 0.135
i< e — - Chromatiity sextupois 1. CO IN LINEAR REGIME
/ 0125 | -
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RESULTS AND DISCUSSION t‘%-’*;'

SMALLER RANGE
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Reconstructed strengths, m™

RESULTS FOR ALL RANGES ARE
SHOWN

LOD IS NOT RECONSTRUCTED
TO THE SET VALUE

LOF=2.35 +/- 0.32 M~




CONCLUSION

THE NEW NTRM METHOD WAS SUCCESSFULLY VALIDATED WITH TwO
CONTROLLED SEXTUPOLAR ERRORS IN GSI-SIS18. THE BENCHMARKING OF
NTRM CONTINUES WITH EXPERIMENTS FOR SIX TO TWELVE CONTROLLED
SEXTUPOLAR ERRORS

A FIRST ATTEMPT TO RECONSTRUCT EXPERIMENTALLY TWO CONTROLLED
OCTUPOLAR ERRORS USING THE NTRM wAS CARRIED oUT IN CERN-SPS,

HAVE REQUIRED:
STRONG SET VALUES FOR OCTUPOLES &
A LARGE RANGE OF COD, WHICH ARE NOT OPTIMAL FOR THE NTRM METHOD.
THE SYMMETRIC ARRANGEMENT OF STEERERS & OCTUPOLES HAS CREATED
ADDITIONAL DIFFICULTIES.
THE NTRM HAD TO BE APPLIED WITH A CERTAIN INITIAL CO DISTORTION.

_ i -3
LOF=2.35+/- 0.32 M e o | .
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MEASURED AND SIMULATE

A CO example from a single

measured and simulated.

Deviation AX closed orbit, mm
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STATISTICAL APPROACH "',

FOR SIMULATION DATA (/.

LOD




INITIAL CO DEFORMATION FOR; tp%.

SIMULATION
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MEASURED VERTICAL TUI\.I' '
RESPONSE vs. COD
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Y closed orbit, mm
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MEASURED VERTICAL CX
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DIFFERENTIAL TUNE RESPOIN
PHYSICS OF OCTUPOLES
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