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MEASURING CHROMATICITY ALONG THE RAMP USING THE PLL
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Abstract fixed, the coefficients in the tune equations can be found

Beam stability up the ramp requires the appropriate sigtr?rough linear regression.

and magnitude of the chromaticity. We developed a we;é ) .
to measure the chromaticity using the PLL (Phase Locke@-1 Linear Regression

Loop) tune-meter. Since, the accuracy of the PLL tune- The measured tune data is returned as a set of points,
meter with properly adjusted loop gain is better than  sych agty, 1) for k'th point (wherev;, = v(t;,)). Choose
0.0001 in tune units, the radial loop needs only be changeg set of points large enough to cover one perioe: 27 /w,

by a small amount ob.2mm at alH=z rate. Thus, we denote the number of points @. They?2 function to be
can achieve fast chromaticity measurementssiec. EX-  minimized is written as (for either x or y plane):

cept during the very beginning of the ramp where there are

snapback effects and the gamma changes very rapidly, we N

can have good chromaticity measurements along the ramp- = > _[vx — Asin(wty,) — B cos(wty) — Ct} — Dty — E]?
This leads to the possibility of correcting the chromaticity k=1

during the ramp using a feedback system. The values for the coefficients,, B, C, D andE are then

found to minimize the 2 function. The solution is to solve:
1 INTRODUCTION

To successfully ramp a beam of particles in an acceler- B
ator, the tunes and chromaticities must be controlled. This C
becomes harder to do in an accelerator like RHIC where the D

E

A

il
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lattice optics are changing during the ramp. We propose to
using the PLL tune-meter [1] to measuring the chromatic-
ity. The tune is measured while the radial offset, hence/here

beam momentum is varied by a sine wave function. The v sin(wiy,)
desire is to have a small amplitude f 0.2mm to the N [ vk cos(wtr)
radial shift, to minimize perturbations to the beam. This U= Z ity
small shift is possible if the measurement of the tune is of k=1 Vit
high enough accuracy (i.€.0001), such as using a PLL Vg

tune-meter. This sine wave perturbation can be extracteghg
from the tune data using linear regression [2]. From the am-

plitude and phase of this sine wave perturbation, both the sin®(wt)  sin(2wty)/2  sin(wi)t?
magnitude and sign of the chromaticity can be deduced. In N | sin(2wty)/2  cos®(wty)  cos(wtk)t}
the next section, the theory is discussed followed by a sec-M = > | sin(wip)tf  cos(wty)i? th
tion on implementation. Additionally, the data measured k=1| sin(wtp)ty  cos(wii)ty ty
during RHIC 2001 studies, will be discussed. Finally, a sin(wty) cos(wtg) ti
conclusion is given. sin(wty )ty sin(wty)
cos(wtg)ty cos(wty)
2 THEORY 1 2
£ tk
The measured tunes are returned as a function of time. If t: f

there are perturbations on the tune — for instance, driving
the radial shift with a sine wave function — then the tune, 5 Chromaticity
can be modeled as (for either x or y plane):
After solving for the coefficients, we use onlyand B

v(t) = Asin(wt) + B cos(wt) + Ct* + Dt + E to calculate the chromaticity as:
) . . c
wherev is the tuney is the time,A and B terms are due ¢ = i\/m aCR

to chromaticity,C, D and E are the coefficients for any
slow tune variations from other sources and the frequen
f = w/2x is set by the radial shift function. Since,is

27AR

o . . .

\Xhere()R is the circumferencey is the momentum com-
paction factor and\ R is the amplitude of the radial shift
*Work supported by US DOE under contract DE-AC02-98CH10886.function. The sign of the chromaticity is determined from
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the phase difference between= arctan(B/A) and the 4 DATA ANALYSIS
phase from the radial shift function including any phase de-

lays if present. Note, the phase does not have to be knovm_Datat\évaj _takefn du_tr;lng the FHIC 2001 trrl]m tﬁ chectl_< !I
accurately to get the sign. Furthermore, from ffeand IS method 1S a feasible way to measure the chromaticity

matrix M, the error of the chromaticity measurement carﬂurlng aramp. Ir) this test the.radlal shift functlon was Setto
be estimated as: ave thred H z sine waves with an amplitude2mm and

1sec boundaries at both ends. Fig. 1 shows the results in

_|Aloa +|Blop aCr the Blue RHIC ring. The black curve shows the radial shift
g¢ = /A2 + B2 27AR function, the red curve is the measured PLL tune data and
the blue curve is the calculated chromaticity with the error
where > bars. The chromaticity is only real in the regions where the
oa = (MY X radial shift function is a sine wave. When the radial shift
N-=5 function is constant the tune should not have a sine wave to
and extract, thus, leading to a calculated valuexof, which is
_ x? not the chromaticity.
=(M!
oB ( )22 N_5
Note, the termS{M_l)ll and (M_1)22 diagonal compo- Blue Horizontal, Fill# 2178

nents are from the inverse of matrix. Region A

I

3 IMPLEMENTATION

The PLL tune data will arrive at abot0H =z rate or
faster. Calculating the chromaticity and associated error
must respond in real time. This is necessary if the chro- 2t B R R IR A R
maticity is to be part of a feedback correction system. Ad- é ! : SR e
ditionally, this may work within a tune feedback correction : 1
system. Thus, the tune data will be of two different types: g e R L

Time [sces]
Radial Shift [mm] Chromaticity ~ — PLL Tunes

bl b éix-
i MER

ped

I
PLL Tunes

e Direct reading of the tune

e With tune feedback on, returning the error signal . . . .
Figure 1: The graph of tunes (red, middle) fitted chromatic-

In the following subsections we discuss data sliding andy (blue, bottom) and the radial shift (black, top) of the
how to get the tunes when the tune feedback is turned onbeam.

3.1 Siding Data Points Examining Fig. 1 shows three distinct regions:

In order for the chromaticity to be calculated quickly, e Region A, from beginning tG0secs
we use a sliding data approach. The vectand the ma- e Region B, from70secs to 90secs
trix M are updated by subtracting off the oldest data point e Region C, fromd0secs to the end
and adding in the newest data point, keeping the total num-

ber of points fixed. Hence, the most time consuming part In region A, we are getting good values for chromaticity
becomes the solving for tﬁe coefficientd: B.C. D and =~ 3 to 5 units. This agrees with hand calculations and our
. Since the matrixd/ is symmetric theﬁthé rr;atrix can iNtuition about the beam dynamics. Furthermore, when the

be handled using cholesky decomposition [2]. The chroradial shift is constant, the sine wave perturbation to the

maticity is returned with an error status if the matfix tur|1e IS very émt";‘]"' PLL t data has b it .
isn’t positive definite. The data sliding is used whether or nregon b, the b bune sa asﬁ ecome'quuLe rt1)0|sy.
not tune feedback is on. Our plans include adding this coa@ne suspect may be beam-beam effects. At the begin-

to the Front End Computer (FEC) of the PLL system. Thié‘ing (about0secs) the beams at the interaction points are
will be available for the next RHIC run well separated. But in region B the separation has been

reduced [3].
By the time the beam reaches region C, the PLL tune-

3.2 Wth Tune Feedback meter isn't following the tune as well as in region A. Two

When the tune feedback is turned on, the tune data wiflossible explanations have been advanced for the observed
be extracted from the feedback error signal. This signdlehavior, both involving reduced PLL loop gain, which
will be delayed and scaled from the actual tune variationwould reduce loop bandwidth from the nomirtall z to
The amount of delay and scaling depends on the paramet@ansiderably less than thig/f » of the radial modulation,
of the feedback loop and the frequency for the radial shifand result in the lowpass filtered quality of the data. The
sine wave functionf = w/27. These parameters will be gain includes both the electronics and the beam transfer
fixed and can be calculated apriori. function. The BTF portion can be reduced in many ways.
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Figure 2: Similar to Fig. 1 but taken at a earlier time and including the entire ramp.

One is that large chromaticity can broaden the betatron line 5 CONCLUSION

and reduce the number of particles excited resonately. InA thod ted of using the PLL t terf
this case one would expect to see the signal of large chro- method was presented of using the une-meterfor

maticity for some time before the bandwidth reduction be:meaSl:.“ggt th'eé:hromatlutty. bl nt_th|s mt?;hotd, a ra('jzlal Sht'rf]t
comes obvious, which we did not. Another possibility, per-'s. applied o induce a perturbation on th€ tunes. =rom the

haps more likely, is that incorrect phase information pulle ize of the tune perturbatlor), the chromatmlt)_/ can be calcu-
the loop to the edge of the betatron line, again reducin ted. Furthermore, the radial tune shift required is small to

the number of particles excited and the loop gain. Th inimize the destructiveness of this type of measurement.

source of error might have been incorrect phase compensa—ThIS method was tested during the RHIC 2001 run. For

tion during ramping, leakage from the opposite plane dugart of the ramp, we were able to deduce the chromaticity

to large chromaticity, close tune approach, or coupling, O?r?ld |tshcorr§1$p?nd|ng st|gr) V\;'th th|§ meth?rc]i. LT_'E metthod
some other cause which is not yet understood. alis when the fune data Is 100 noisy or the system

. o . loses the lock. If the PLL tune-meter system fails due to
dal;f. 2 shows another situation but with the full ramp ofthe chromaticity being too large, we can use the schottky
cavity to give us an estimate of the chromaticity for a first
pass correction. Then the PLL tune-meter system should
Blue Vertical, Fill #2095 work and can be used to refine the chromaticity.
0 1k During the next RHIC run, we will have an improved
rm i W} M ‘\- i) W ﬁj; Ns w M\ PLL system which will be more reliable. Additionally, this
Wit m Jli Uw w W 1y Vl H P -fozss

code will become part of the PLL tune-meter system. Fi-
nally, when the system is completely functional, we plan
to employ a feedback system to correct the chromaticity on
the ramp.
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Figure 3: Data Taken at the same time as Fig. 2 but for the
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Finally Fig. 3 is interesting since it showed us that th
chromaticity was negative in the vertical plane. Once thi
was fixed, the beam stability improved. This shows that w
can get the sign of the chromaticity as well as the magn
tude.
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