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TEST OF ORBCOR FOR EPA

E. Bozoki, J.P. Delahaye, A. Lévy-Mandel

1. Introduction

The on-line orbit correction program ORBCOR, implemented by one of the
authors (1) in the PRDEV computer is built as a general program applicable to

any machine.

It has already been used and checked with the PS (2) as a real machine,

correcting measured closed orbits.

The same program has now been used to correct a simulated orbit in a vir-
tual EPA machine with the particularity that the closed orbit correction is
foreseen to be made by displacement of the lattice quadrupoles instead of

corrector dipoles powering.

2. Calibration of the correctors

ORBCOR calculates the deflection angle 6 to be provided by the correc-
tors. A calibration factor C is then used to convert this angle into a
current I (A) (in case of corrector dipoles) or a displacement A (mm) (in case

of quadrupoles move).

a) The corrector in a dipole
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By using this definition of the calibration factor, the conversion
method is identical for the two cases. However, for the second case, the
calibration factor depends on the beam energy, thus it will have to be
updated if the operating energy or the quadrupole strength is significantly

modified.



3. ORBCOR data

a)

b)

c)

Three machine-oriented files have to be provided.

Twiss file

calculated with MAD in the IBM and first transmitted in the
PRDEV then converted into a random access file. The data are equivalent
to the official (all elements complete ring) file except that the ben-
ding magnet has been replaced by its model as defined by H. Kugler (3).
Moreover the monitors (see below) were defined with "Type-PUE" in the
MAD data as required by ORBCOR.

Corrector file

Two files, one horizontal (fig. 1A), one vertical (fig 1b).

For the vertical file: the center of each quadrupole taken at the end of
the first half of the quadrupole defined as HR.QxxxxH (for upstream)

For the horizontal file: the centre of each quadrupole plus the
horizontal bumpers HR.BSWxx

(for orbit correction, only the quadrupole displacement will be used and
the bumpers will be disabled)

(for orbit bump, only the bumpers will be used and the quadrupoles will
be disabled).

For each element, the maximum displacement * 3mm (or current * 83 Amp)

is introduced as well as the calibration factor as defined above.

Therefore, the results will be directly accessible in displacement for

the quadrupoles and in current for the bumpers.

Orbit file (figure 2)

All the 20 beam position monitors are introduced including the special
HR.UMA62 which can be disabled if this monitor is reserved for inten-

sity measurement only.



4. Test of Option CALC

This option calculates the closed orbit distortion due to localized

kicks. In order to check it, a known deflection angle is introduced in

(1) one then (ii) two corretors and the results compared with analytical cal-

culation.

The corresponding closed orbit deformation can be seen on:
(1) (figure 3a): 1 mrad in HR.QFN62
(ii) (figure 3b): 1 mrad in HR.QFWO2 plus 0.05 mrad in HR.QFI22

5. Test of Closed Orbit Correction (option GLBL)

This option picks the most effective N correctors and calculates then

the corresponding deflection angles to correct a given closed orbit deviation.

Using the above two orbits, with a correction performed by N = 1 or 2 correc-
tors, ORBCOR suggested:

in case (i):

in case (ii):

using one corrector only (figure 4a) HRQFN62 was found as the

the most effective corrector with the right correction angle.

using two correctors (figure 4b), the second one has a small

strength

using one corrector only (figure 5a), as expected the most
effective corrector was found to be HR.QFWO2 with
@ = -1.23 mrad.

using two correctors (figure 5b), the two original correctors

are also effectively found with the right correction angle.

Remark: In each case, the beam is found to be off momentum by -1.7 x 10-4,

which corresponds to the orbit length increase by betatron oscilla-

tion.



6. Test of local bump (option LOCAL)

This option uses 4 correctors to produce a desired local bump of x, x'
at a desired position. This could be very useful for EPA to calculate the
required strength in the 4 bump magnets to produce the injection and extrac-

tion bumps.

In order to force the program to effectively use the 4 bumpers, all the
quadrupole correctors are first disabled. The desired bump at the extraction

septum HR.SMHPAP of x = + 50 mm x' = 0.0 mrad was actually reached from

- an ideal closed orbit (figure 6a)
- a distorted closed orbit (figure 6b)

In each case because of the mn phase advance between bumpers 12 - 32 and
71 - 91 in the EPA lattice, the bumpers are fighting one against the other and

their corresponding strengths for a precise local bump reach very high values.

Nevertheless, a very small change in phase advance between bumpers
(Ap =0.001) allowed an easy and perfect solution (figure 7).

7. Conclusion

The ORBCOR program has been shown to be easily adaptable to the charac-
teristics of the EPA machine (closed orbit correction by mechanical displace-
ment of the main lattice quadrupoles) and to give confident results with an

easy and user-friendly access.

Although an on-line analysis is not abslutely necessary, the ORBCOR pro-
gram as implemented in the PRDEV can be an excellent candidate for the EPA

closed orbit correction as it could also be used:

- for the local bump adjustment taking into account the actually

measured closed orbit,
- for circulating beam energy determination,
- for operational orbit comparison (difference orbit),

- for orbit perturbation analysis as an excellent diagnostic for ring

modelling and debugging (4).



Moreover the trajectory correction option could serve as the basis for LIL
beam characteristics measurements at EPA injection (energy and steering) and

help for the steering of LIL and transfer lines.

Nevertheless, the results should be compared with the PETROC program re-
sults and capability (coupling, for example) as the simulation program used
until now by H. Kugler. Finally, the use of the ORBCOR program could be
greatly facilitated by an easy transfer of the beam position measurement from
the console to the PRDEV.
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H-CO V-CO E/D PU.NAME
.0 .0 0 HRSMHOOD
.00000 .00000 0 HRUMAQ3U
.00000 .00000 0 HRUMAQSU

.00000 .00000 0 HRUMA11U
.00000 .00000 O HRUMA13U
.00000 .00000 O HRUMAZ3U

.00000 .00000
.00000 .00000
.00000 .00000 O HRUMA4SU
.000060 .00000 O HRUMA47U

0

0

0

0

0

0 HRUMAJ3U
0
o]
0

.00000 .00000 0 HRUMA4SU

0
0
0
0
0
0
0
0
0
o

HRUMA4 1U

.00000 .00000 0 HRUMAS3U
.00000 .00000 0 HRUMASSU
. 00000 .00000 0 HRUMAS1U
.00000 .00000 0 HRUMA&2U
.00000 .00000 0O HRUMAS3U
.00000 .00000 0 HRUMA73U
.00000 .00000 0 HRUMAS3U
00000 .00000 0 HRUMA91U
.00000 .00000 0 HRUMA?SU

.00000 .00000 O HRUMAS7U
END
MEASURED IMPLEMENT
RING= EPA MOMENTUM (Gev/cl= .6000 . 6000

Q=  4.440 IXY(1/HOR 2/VERT)=HOR CORRECTION TYPE =CALC
ITER= 1 IRESET= 0

CALCULATED ORBIT Cmml: (NPUE= 21)
-.08 -1.73 =-2.44 6.72 2.10 -2.59 -2.83 .85 2.99 -1.8%
-7.02 -2.30 2.36 2.58 1.39 2.82 2.60 -2.09 -6.74 2.43
1.75
CORRECTOR STRENGTH
# NAME Cmradl
32 HROFN&2U 1.000
‘i 3 Ja
MEASURED IMPLENENT
RING= EPA MOMENTUM CGev/cl=  .4000 . 6000
0= 4.440 IXYC1/HOR 2/VERT)=HOR CORRECTION TYPE =CALC
ITER= 2 IRESET= O

CALCULATED ORRIT Cmm3: (NPUE= 21)

P .21 1.39 -3.66 -1.20 3.94 -1 -4.465 2.83
. 4.40 .15 .

10.7%9 3.58 -~3.58 -4.13 oy 3.48 4.72 =2.06 -10.71 2.51

J.45

CORRECTOR STREMGTH
¥ NAME Cmradl
1 HRQFWO2U 1.000

12 HRGFIZZU 500

-J 3%

g 3 C ol ekl

nhiy de &oma\’ion

¥ (o) 4 02 (b) 2

patualoal w‘b Sem enYs .
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MEASURED IMPLEMENT
NG= EPA MOMENTUM CGev/cl= . 6000 . 6000
Q= 4.440 IXY(1/7HOR 2/VERT)I=HOR CORRECTION TYPE =LOCL

LOCL BUMP AT HRSMHOOD (PETA= .1471E+0Z PHI= .2245E-02 DISP= .4%44E-06)
DESIRED  XYD= 5.00 LComl XYPO= .00 Cmrad]
FRESENT .00 .00

THE 4 CORRECTORS CHOSEN FOR ORBIT CORRECTION:

CORRECTOR STRENGTH STRENGTH Cmradl POWER CAmp3
SEa-#  NAME BEFORE CORR. AFTER CORR. SUPPLY AFTER
36 HRESW71U . 0000 -1.0083 HRESW7 1 -2.01801
45 HRRSWF1U L0000 -1.361% HRESWI 1 -2.72424
8 HRESW12U . 0000 1.4496 HRESW1Z 2.90111
17 HRESWI2U 0000 1.8395 HRESHIZ 3.68143

READINGS ON THE 21 POSITION MONITGRS:

NEW
SEu-#  MAME PEFORE CORR. AFTER CORR. LCmm]
1 HRSMHOOD . 0000 5.0000
2 HRUMAD3U .0000 1.4965
3 HRUMAGSU . 0000 -1.3803
4 HRUMATIU . 0000 ~-1.2888
5 HRUMA13U . G000 8.3400
& HRUMAZ3U . 0000 7.3329
7 HRUMA33U . 0000 .0000
8 HRUMA41U .0000 .0000
k4 HRUMA45U . 0000 .0000
10 HRUMAL7U L0000 . 0000
11 HRUMA4?U . 0000 . 0000
12 HRUMAS3U .00ao .0000
13 HRUMAS5U . 0000 . 0000
14 HRUMAGTU .0000 .0000
15 HRUMAGL2U . 0000 .0000
16 HRUMAL3U . 0000 .0000
7 HRUMAZ3U . 000G -4.0544
18 HRUMABR3U . D000 ~-5.3621
19 HRUMAZ1U .0D0o -1.1569
20 HRUMAZ5U . 0000 -1.9258
21 HRUMAZ7U . 0000 1.4686
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