MIA (Model Independent Analysis) for

Booster

October 2, 2003

1 Review of MIA

Form turn by turn data (P turns) from all M BPMs into a matrix '

11 T2 0 1M

B 1 Tor T2t Toym
=5 ]

rp1 Tp2 ... TpmMm

where z,, = X,,;, — X9 i.e., the reference orbit is subtracted.

pm>
SVD of matrix B ;
B=USV" = ouu]

Each non-trivial singular value corresponds to a mode. u; is "temporal pat-

tern”. v; is "spatial pattern”
For ideal betatron motion

xy = /2Ty Bm cOS(Gp + Ui)
where (,, and 1), depend on model.

B = a+u+vz +o_u_v’

and
fo= <J>"(opvg)? + (0-v_)?]
Y = tan ! (0
01V

BPM noise reduction
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2 Booster turn-by-turn data

2.1 a description of data
2.2 Decomposition

2.3 Lattice function
2.4 BPM noise

2.5 Degree of freedom analysis
3 summary

3.1 Discussions

1 Ax and Ay doesn’t fit in the betatron motion model well because

e reference orbit (Xp) is not stable due to injection, feedback, etc
e coupling between the two planes introduces more physical modes.
o ..

2 BPM gains are needed. Assuming identical kicker gains (except for VO1L),

ORM data can provide vertical BPM gains without the complication
of a lattice model. How to get better information of BPM gains?

3.2 Conclusion

MIA method has the potential to extract lattice information about the
Booster throught the cycle. But we need better and more data.
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Figure 1: Horizontal Az at BPM HSTO3L from 4250 turn.
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Figure 2: Singular values and temporal pattern of mode 1, Horizontal, turns
[4250,4449]
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Figure 3: Singular values and spatial pattern of mode 1, Horizontal, turns
[4250,4449]
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Figure 4: Singular values and temporal pattern of mode 2, Horizontal, turns
[4250,4449]
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Figure 5: Singular values and spatial pattern of mode 2, Horizontal, turns

[4250,4449]
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Figure 6: Singular values and temporal pattern of mode 3, Horizontal, turns
[4250,4449]
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Figure 7: Singular values and temporal pattern of mode 4, Horizontal, turns
[4250,4449]
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Figure 8: Beta and phase obtained by the 2 leading mode. Horizontal
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Figure 9: Beta and phase obtained by the 2 leading mode. Vertical, corrected
with BPM gain
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BPM noise level: H
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Figure 10: BPM noise. Taken from modes other than the leading 5; Hori-
zontal
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Figure 11: BPM noise. Taken from modes other than the leading 5; Vertical,
corrected with BPM gain
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degree of freedom analysis
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Figure 12: Horizontal, degree of freedom. A plot of singular values of the
leading 10 modes as the number of BPMs increases.
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Figure 13: Vertical, degree of freedom.
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Figure 14: Fit temporal mode into a model x = ay + A exp(—at)(sin(w;t +
¢1) + sin(wat + ¢9)). Horizontal mode 1
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blue = Temporal mode 2, red = fitting curve; Horizontal data (4250-4449)
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Figure 15: Fit temporal mode into a model x = ay + A exp(—at)(sin(w;t +
¢1) + sin(wat + ¢9)). Horizontal mode 2
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Frequencies:,

Horizontal
Mean(w)

Stdev(w)

Vertical
Mean(w)
Stdev(w)

Fitting Model

x =a,+ Aexp(—at)[sin(w,t + @,) + sin(w,t + @, )]

Freq 1
1.352249

0.001961

Freq 1
1.352238

0.001584

Freq 2
1.60434

0.002823

Freq 2
1.603832

0.002154

Tune

6.76472

0.00055

Tune

6.76476

0.00042

BPM gain: Vertical
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SQRT(NCHI2) as BPM noise
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alpha: damping coefficient: Horizontal
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phase (rad)

Phase advance: Horizontal
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phase advance: vertical
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Fit mode 1&2 of Horizontal data to the model

Wi W2 Nchi”*2
Mode 1 1.353014 1.604340 0.00017
Mode 2 1.352549 1.603710 0.00027




Beta function: Horizontal
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Phase advance: Horizontal
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red o = fitting, blue *= MIA, mageta v = MAD
Phase advance: Vertical
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Phase advance: Horizontal, at Long sections
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red o = fitting, blue *= MIA, mageta v = MAD

Phase advance: Vertical, at Short sections
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Phase advance: Horizontal, at Short sections
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Phase advance: Vertical, at Long sections
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