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Error localization in RHIC by fitting difference orbits *

C. Liuf, M. Minty, V. Ptitsyn, BNL, Upton, NY 11973, USA

Abstract Using a least-square fit for minimizing the merit function

n

The presence of realistic errors in an accelerator orinthe= S~ (Az, — MJ, - Az + M}, - Az})?, we obtain the
model used to describe the accelerator are such that a meat-_ ’f:m dit
surement of the beam trajectory may deviate from prediér-]I lal conditions as
tion. Comparison of measurements to model can be us n P 1 e ks

- Az My, - My M5 — ANz M{s- MY’

to detect such errors. To do so the initial conditions (phas¢ .. — oo S M B MU Mz ) AsMin 3 (M)
space parameters at any point) must be determined whigh (k_z JVI{“lM{“2)2—k§j (Mf1)2-k§: (ME,)2
can be achlev_eq by flt_tlng the difference orbit compare S A SN (M2 S Andrh S Ak
to model prediction using only a few beam position mea{ A,/ — k=m " k=m Kom k=m
surements. Using these initial conditions, the fitted orbi ' 2 (Mi)? B (M) =( & My M)
can be propagated along the beam line based on the optics - o o 3)
model. Measurement and model will agree up to the poihnce the initial conditions are so determined, the fitted or-
of an error. The error source can be better localized it along the ring can be computed based on Eq. 1.
additionally fitting the difference orbit using downstream

BPMs and back-propagating the solution. If one dominat- APPLICATION VERIFICATION
ing error source exist in the machine, the fitted orbit will

deviate from the difference orbit at the same point. This algorithm was integrated into the existing RhicOr-
bitDisplay application used for viewing orbits and apply-
ALGORITHM ing corrections. As a demonstration, we used orbit data

. . . acquired during measurements made to check the BPM
In either a transport line or a storage ring, the beam tr"’;‘J'olarities. The automated BPM polarity check works in
jectory in either transverse plane (neglecting couplirag) ¢ this way. First the closed orbits before and after making a
be expressed by the transfer matrix and initial Conditions’strength change of a corrector are recorded. The difference
between those measurements, the so called difference or-
3 bit, is then formed. The difference is also predicted by the
z(s) = ﬁ(COS (s — ¢i) + a;sin (¢s — ¢i)) - 2i on-line model with knowledge of the corrector strength. A
‘ BPM polarity error can be identified when the signs of the
+ /BsBisin (¢s — ¢;) - zi, (1) measured and predicted beam positions do not agree.
where ., B;, é., ¢: are the beta functions and phase ad- As an after-fact test, we appl_ied _the glgorithm and tried
vances at positiomand initial position; «; is the initial al- tﬁ '903"2‘? an”error .Szuépe’IWh'Ch in this g?]se was I;j_uelto
pha and: represents either the horizonta) or vertical ¢) the intentionally varied dipole corrector. own in F1g.
motion. The following algorithm may be applied to both
beam trajectories in a linear transport line and to closed ¢ L

Ao 4 LAl Ao 1T A n 3 K
bits in storage ring, which afterwards we will refer to as : “+ T T i ?‘f xf YA viw
“orbit”. l I A o b
The difference of two orbits complies with
Az = My - Nz + My - Nz, Figure 1: Measured horizontal difference orbit (blue) ver-
. sus the fitted orbit (cyan) by forwards propagation
with My, = %(cos(d)s — @) + a;sin(ps — ¢;)), (cyan) by propag

My = /Bsfisin (¢ps — ¢i).
By selecting a fitting range from thath BPM to thenth :
BPM, a set of linear equations follows, E 7 e N
Azm+1 = M1"11+1 . Azl —|— M1772L+1 . AZZ

)
: Figure 2: The region (by zooming in Fig. 1) where the fitted
DNz = MYy - Dz + My - Dz orbit starts to deviate from the difference orbit

*The work was performed under Contract No. DE-AC02-98CH10886 . . .
with the U.S. Department of Energy. are the measured horizontal difference orbit (blue) and the

tcliul@bnl.gov fitted orbit (cyan). The fit range was 200 to 800 m and



Figure 3: Measured horizontal difference orbit (blue) verFigure 8: The region (by zooming in Fig. 7) where the fitted
sus the fitted orbit by backwards propagation orbit starts to deviate from the difference orbit

200 to 800 m) versus measured difference orbit, which start

- ww = s 10 deviate from one another in between 2710 and 2740 m
- (in Fig. 6). The backwards propagated fitted orbit versus

difference orbit (in Fig. 7 with zoom in Fig. 8) confirms the

. . L . finding in Fig. 5. This agrees with the fact that the dipole
Figure 4: The region (by zooming in Fig. 3) where the fitteq,,

f
. . : ) agnet being used was at 2713 m.
orbit starts to deviate from the difference orbit We conclude from this analysis that the orbit fit algo-

rithm correctly localized an intentionally introduced per

the fitted orbit was propagated forward. The agreement pitrbation. The localization was accurate with a range given
tween measurement and fit is very good upstream of ti¥ the distance between the two closest BPMs.
BPM at 2686 m. The expanded range shown in Fig. 2 re-
veals that the two orbits begin to deviate between BPMs APPLICATION IN OPERATION
located at 2683 and 2740 m, which is in agreement with The algorithm has been implemented into RhicOrbitDis-
the longitudinal coordinate (2713 m) of the dipole magneplay before RHIC Run-12 and proved to be useful both for
that was used. In order to confirm this result, a differenthachine setup and during routine operations.
region (3000 to 3600 m) was selected for fitting and the re- L ) ) )
sulting fitted orbit was propagated backwards for the samfe0calization of diurnal disturbancesin RHIC
set of data. The result (Fig. 3 with expanded view shown Diurnal variations in the beam trajectory have long
in Fig. 4) agrees with that obtained by forward propagatineen observed at RHIC. Using turn-by-turn BPM data, the
the fitted difference orbit (Fig. 1). source for vertical deviations was localized [1] to near the

In the vertical plane with separation bumps used to sepR at the vicinity of the accelerating cavities (IR4). The
rate the beams at 4 interaction regions, this algorithm worlsource was thought to originate near the cryogenic feed
equally aswell. Fig. 5 shows the fitted orbit (fitting rangelines located there. As a test, these feed lines were me-

chanically decoupled from the roof of the accelerator tun-

l , nel [2], however, this did not seem to mitigate the diurnal

perturbation to the beam trajectories.

To confirm this locale of diurnal variations, we applied
the orbit fit algorithm to two sets of data. First we used
a range from 2000 to 2800 m for the fitting, and forward
Figure 5: Measured vertical difference orbit (blue) versugropagated the fitted orbit along the ring. The difference
the fitted orbit by forwards propagation orbit and the fitted orbit were seen to deviate from one an-
other near the 3 o’clock side of IR4. The details are clearer
in Fig. 10 and Fig. 11 which shows the difference of the
original difference orbit and the fitted orbit.

Figure 6: The region (by zooming in Fig. 5) where the fittec =
orbit starts to deviate from the difference orbit

Figure 9: The vertical difference orbit (blue) vs fitted drbi
(red) using range from 2000 to 2800 m and forward propa-
gation

Then, a different range (from 3400 to 3800 m) was used
for the fitting, and the fitted orbit was backward propagated.
The result from forward propagation was confirmed by the
Figure 7: Measured vertical difference orbit (blue) versupackward propagation (Fig. 12 and Fig. 13) since the orbits
the fitted orbit by backwards propagation start to deviate in the same region.




went back to zero when the 10 Hz feedback was turned on.
RN . ) The orbit was not well controlled when the feedback was
A TR e turned on. As shown in Fig. 14 and 15, a difference orbit
was taken by substracting the orbit before distortion from

the orbit after distortion. Both forward orbit fit and back-

Figure 10: Expaned view of Fig. 9 showing that the deviaward orbit fit pointed to the error in IR2. Immediately, the
tion originating from IR4 check on corrector current revealed the underlying prob-

lem.

»»»»»

Figure 11: The difference of original difference orbit andrigure 14: The difference orbit (blue) of the orbit with cor-

forward propagated fit orbit rectors on and off, and predicted difference orbit (gregn) b
orbit fit, orbits start to deviate from IR2
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Figure 12: The vertical difference orbit (blue) vs fittedibrb

(black) using range from 3400 to 3800 m and backwar#igure 15: The difference orbit (blue) and its back-

propagation propagated fit orbit (red), orbits start to deviate from IR2,
which confirms the forward orbit fit

CONCLUSION

An orbit fit algorithm for both transport lines and stor-
f£9e rings was presented. The algorithm has been imple-
mented into RhicOrbitDisplay. Offline tests using BPM

polarity check data validated its potential for localizieig

ror sources in RHIC. Its application in RHIC operation has
In this example the orbit fit program confirmed that thd>een successful. It is able to localize errors which distort

source of diurnal variation of RHIC orbit is in the IR4 re-closed orbit quickly. It is also expected to be able to treat

gion, which is suspected to be the cryogenic pipe, howntermittent errors which will not perturb closed orbit but

ever, further narrow down of the longitudinal position ofturn-by-turn orbits. The resolution of the error localipat

the source is needed. The precision of localizing errds given by the spacing between BPMs.

sources by orbit fit program is limited by the spacing of

BPMs, which is tens of meters at RHIC. ACKNOWLEDGMENT
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components sometimes become abnormal due to variohsre.

reasons, which in turn may degrade machine performance.

The process of finding an offensive component can be time- REFERENCES

consuming and difficult. For example in RHIC Run-11,1) v, ptitsyn. private communications.

a long list of components were turned off one by one t

eventually isolate a problem with the RHIC abort kicke

[3]. [3] W. Zhang, L. Ahrens, W. _Fische_r, H. Hahn, J. Mi, J._ Sand-
With orbit fit, this process can be much simplified as  Perg. and Y. Tan. Analysis of rhic beam dump pre-fires. In

proven by its application in RHIC Run-12. A DX magnet  Froceedingsof PACLL, 2011.

power supply oscillation was found by operations using or-

bit fit taking as input the difference between the last orbit

and the third to the last orbit before the beam abort. An-

other example concerns a DC offset of two 10 Hz correctors

in IR2. The correctors were settling at -12 A when off, and

Figure 13: The difference of original difference orbit an
backward propagated fit orbit
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