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Motivation

M otivation

Why useOrbit Response Matrix ?

@ To understand the lattice, how much different from design ?

¢ BPM gains, tilt angles.
@ Orbit corrector strength.
@ Quadrupole strength, tilt angles.

@ Correct errors of magnets.
@ Symmetrize the lattice.
Why a new code ?
@ Better convergence property.
@ More robust, solve larger models with more parameters.
@ Solve the coupling of parameters[1].
o Proven by three different lattices.
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Orbit Response Matrix(ORM) method

Orbit Response Matrix

The Orbit Response Matrix(ORM) is defined by

Gjj = % yis horiz. or vert. D)
]

e y; is closed orbit deviation in horizontal or vertical directiat thei™
BPM.

° ij is horizontal or vertical bump angle at ti&corrector.

The full matrix form BPMs andn corrector is

(), (& &), () @
Z 2m G G# 2mx2n 0° 2n

WhereGﬁZ = dx; /d#?, which is actually a Green function betwe&hcorrector

andi™ BPM[2].
G* andG* will be zero, if no coupling presents.
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Orbit Response Matrix(ORM) method

Y2-Minimization

We can model the accelerator by minimizing t{feof our model and
experiment measuremént

2 2
Gij (b) 2 model _ Gixzhmeas ()Rl yeas
2(b) = J i 7 m
X(b) = o +> o
2
b){x.z},model _ {x,z},meas
I Z ok(b) o
O ¢
Z < model fimeas>2

b is the parameters of our model, which can quadrupole stetitit angle
and BPM gain, BPM tilt angle.

3)

*ICA measurement can give the phase advance[1]
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Algorithm

Steepest-descent(Gradient) method

Follow the inverse-gradient directiohncrement vector for
Steepest-descent method

9 x2 8)( ox?

T
= = 4
% (8b1 by 8bk) @

and the increment df in iterationn™ step is
b{™Y = b + (8e)i (5)

Aj is the step size fdp;, which can be a constant or adaptive.
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Algorithm

Gauss-Newton(Taylor Series) method

\2(b) = Z; (fmd%s)z ©)

fi can beMjj, vy, vy, ¢x, ¢y and other quantities measured or determined by
other analysis.

f.~f0+2 ag,_fo ZJ.,ag 7)

=1

Increment vector for Gauss-Newton method

16y = JT(fmeas 10 =g (8)
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Algorithm

Scaled L evenberg-Marquardt method

Increment vector for scaled L evenberg-M arquardt method|[3]
(ATJ+AD'D)d = JT(fmeas_ {0) — g (9)

The main improvement is

@ ) =0, it's Gauss-Newton method(dim, dg) = 0

Q )\ — oo, it's Steepest-descent (Gradient) methé@,, ds) = 0

© \is an interpolation between Gauss-Newton and Gradientadeth

© D is adiagonal although can be any nonsingular matrix whikégénto
account the scaling of the problem.

© A step bound variablé\ is introduced to limit the length of increment
vectors:||Dd|| < A

© The scheme for updat® keeps the ratio of actual reduction gf and
expected reduction at a resonalble level

@ More detailed consideration when solve the equatiod of
Strategy oDy, A and .
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Fermi National Lab Booster

L attice of Fermi L ab Booster

Fermilab Booster (12/05/2002)
@ Circum., 474.2 [m]

+ H 1 H F
o oo B o0 wem enn ., @ Lattice, (FOFODODO)*24
<. B By D« -

o L(FU,...), 2.8896.

o Drift, 6/1.2/0.5[m]

By, 33.67/6.12m

B, 20.46/5.27 m

Dy, 3.19/1.84 m

glcell, ¢y = 1005,102
ek Tune, i = 6.7, 1y = 6.8

@ K;(F/D), 0.0542,—-0.0577[m 2]

e ©

(4]
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Fermi National Lab Booster

L attice of Fermi L ab Booster
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Fermi National Lab Booster
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Simulation Result

Fermilab Booster: A model of 192 parameters, Quads. K; and 6

@ Only showK; andfq for FU.
o the other fittings has similar accuracy.
@ Probable uncertainties in the estimatiorkafandog

n 2
2 6bk 2
Oy = 5t ) °f (10)
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Simulation Result

When BPM errorsare considered, BPM by, by, 6,

@ Model has 192+144 parameters, Quads and BPM gain, roll.
@ Same accuracy fd€; anddy.
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Simulation Result

Statistics: Gaussian Distribution

@ Model has 96 parameters, i.e. oy errors.
o Ki%alhas Gaussian distribution, ~ 2%K (F)
@ 1002 random parameter sets fitted.

K1 error need to fit Difference between fitted and actual value
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Simulation Result

BPM noise
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Figure: An example ofy, = 10~2, 10um/1nmrad. The new algorithm breaks the
coupling between nearby quadrupoles in [1] and give thea dghverged solution.
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Simulation Result

Design L attice of Taiwan Photon Source

NSRRC Cell 1/6

betay

80
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s [m]

Figure:Restore betatron amplitude functigp

24 Superperiod, 518.4m. (24p18K1L). = 26.226,1y = 12.280. 48 types of
guadrupoles, 168 BPMs. 600 parameters: quadrupole gtadierroll, BPM
gains and roll. 112,898 terms it @
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Simulation Result

Source of Vertical Orbit Oscillation

What is the source of vertical orbit oscillation ?
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Figure:NSLS VUV ring, vertical orbit oscillation, (FDBK off).

After turning off the BUISH, the vertical orbit oscillatiotisappeared.
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Simulation Result

Conclusion

© Quadrupole and BPM errors are fitted successfully for Feforidooster
lattice, Taiwan Photon Source design lattice.

@ The coupling of parameters for nearby quadrup@shn be resolved
by new code.

© New code can fit BPM data with noise.
Q It can used for beam diagnosis.
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