Determination of Coupling in Recycler Using TBT Data

Y. Alexahin, M. Xiao, M.-J. Yang
Algorithm:

1. Check BPM status.

2. Find the tunes using CFT, average over BPMs.

3. Find amplitude and phase of proper modes (x in HBPMs and y in VBPMs).

4. Extract real beta-functions and phase advances (in perspective: correct BPM calibration and locate strong sources of focusing perturbation).

5. Find amplitude and phase of alien modes (y in HBPMs and x in VBPMs) using FT with HW.

6. Extract coupling generating functions around the ring and compute coupling coefficients (in perspective: determine BPM tilts and locate strong sources of coupling).

There were two available sets of TBT data obtained in the proton mode on 03/25/04 and 07/26/04. Oscillations were excited due to injection errors.
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   start of the lattice in calculations

first turn data dropped
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BPM status

VP213 shows slow orbit movement absent in other VBPMs – results in large phase error

[image: image15.png]v

1

P

=

|

=

—
—

18 Wl‘




[image: image16.png]


[image: image17.png]



VP215 reports just noise

Occasionally other BPMs go wild: HP301 & VP301 on 23/25/04 and HP304 & VP304 on 07/26/04 reported large-scale noise ((75mm).

HP324 has large calibration error: reports ( 2 times smaller amplitude

There are groups of BPMs with very small betatron phase advance between them. Some of these BPMs (HP305C, VP305B, VP307B, VP307A) were excluded for coupling evaluation to reduce erratic oscillations.

Closed Orbit
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Determination of the tunes

Continuous FT:
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- find maximum of  |x(()| as function of (, check BPM to BPM variation, dependence on N.
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Amplitude and phase of proper modes

The Fourier transform is related to invariant complex amplitude Ax, beta-function and phase advance at each BPM location as
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where index “0” denotes design values,  ( = s/R. 

Real beta-functions and phase advances


[image: image4.wmf])

arg(

)]

(

arg[

,

|

|

/

|

)

(

|

2

2

x

x

x

x

x

x

A

Q

x

A

Q

x

-

=

=

j

b











(4)

[image: image24.png]2650 2500 2950 3000 3050 3100 3150 3200




Coupling generating functions

Fourier amplitudes of alien modes:
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In the regions free of couplers functions w( are just (complex) constants. Using this assumption w( were computed between pairs of adjacent BPMs of the same orientation (see next slide).

Generally functions w( are related to the strength of coupling elements as
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where
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(7)

At location of a coupler functions w(  experience discontinuity:
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where L is the coupler length. This fact can be used for location of strong couplers
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Minimum tunesplit

General formula for the Qx ( Qy = n  resonance driving term:
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where C( is given in eq.(7). The closest tune approach is given by:
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(10)

From eqs.(6) and (9):
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(11)

(BPM cross-calibration:  VBPMs underreport y  by 15%)    (   C_ = 0.00713

Effect of skew quads correctors with the design optics

Contribution to C_ from the skew quad correctors per 1A current (MAD with the design optics):

SQ408


0.00104292 - 0.000102146 i

SQ410


0.00108263 - 2.9E-6 i

SQ504
        
      -
0.00026328 - 0.00103626 i

SQ506

      - 
0.00020395 - 0.00104664 i

so about -7A current in either SQ408 or SQ410 was needed to eliminate the tunesplit.

07/26/04 data


Qx = 25.419985, Qy = 24.412995

- closer to the difference resonance

With account of 15% calibration error in VPBMs

C_ = .00027 +0.00231 i

VP213 & VP215 data from 03/25/04.  Data from 07/26/04 look alike.
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Horizontal (left) and vertical (right) orbit as functions of the corresponding phase advance in units of 2( (03/25/04 data)





Spectrum of vertical oscillations |y(()| as seen in VP419 (left) and horizontal oscillations |x(()| as seen in HP420 (right) (03/25/04 data). Qx = 25.434815 ( 2.9(10-6, Qy = 24.355740 ( 5.7(10-6 (1()
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There seems to be a strong coupler somewhere around VP327, quality of the data does not permit to pinpoint it. It can be created by large horizontal orbit excursion in this region.





Coupling from 03/25/04 data





						C_				C_  (HW applied for alien modes)


v-mode in HBPMs	   0.00900 + 0.00013 i			0.00819 ( 0.00027 i


h-mode in VBPMs	   0.00609 ( 0.00020 i			0.00621 + 0.00017 i
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