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EPA LATTICE MATCHING

J.P.Delahaye,A.Levy-Mandel

1. INTRODUCTION

During the design [1], the EPA lattice was optimized to fulfill the nu-

merous constraints by using all the available parameters, mainly the posi-
tions and strengths of the quadrupoles and bending magnets.
Once the machine is built, the number of available parameters shrinks to
the strength of the lattice quadrupole magnets only. In EPA, they are split
in four families powered by four independent power supplies: HR.QFW,
HR.QFL, HR.QFN, HR.QDN.

Nevertheless, an operational machine needs some flexibility in order to:
- move it's transversal tunes Qx,Qy,
- adapt to different working energies where the characteristics of some el-
ements can change mainly due to magnetic fields saturation effects.

This is the reason why an extra trimming quadrupole family, HR.QTR, has
been intoduced at the optimum location [2], and the highly saturated bend-
ing magnets tracked [3] then modelled [4].

In addition, due to space problems around the injection area, four over
twelve quadrupoles of the HR.QFN family were replaced by another quadrupole
type using an independent power supply, HR.QFI, but breaking the nice lat-
tice symmetry (fig.l).

The goal of this note is to check the proposed matching method to serve
as a basis for the on-line Configuration Update program, which as a part of
the Modelling applications [5] will be used in operation to modify the EPA
configuration.
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2. CONSTRAINTS

With the small number of parameters available, all the numerous design
constraints cannot be completely fulfilled but can be set in order of pref-
erence [6]:

- big axils symmetry: two identical cells

- transversal tunes: overall phase advances

-~ injection conditions: PI horizontal phase advance between injection kick-
ers,

- stability and damping: Dispersion function = zero in the straight sec-
tions,

- slicing conditions: Equal Twiss parameters and PI vertical phase advance
between Beta-Bump quadrupoles,

-~ Beta beating: Periodic solution in the arcs and small axis symmetry.

Remark: Although the synchrotron integrals had a considerable impact
on the EPA lattice design, the matching method does not try to fit them. In
fact, for a given bending magnet, they are dependent only on the local Dis-
persion function and Twiss parameters in the bending magnets which come as
a result of the matching.

3. MATCHING METHOD

The proposed method is based on MAD matching capabilities{7] using one
EPA cell (half of the ring) with three markers in positions B,C and D
(fig.l) of the injection kickers and septa.

The CELL matching mode with symmetry is used in order to fulfill the
first condition which consists in the big axis symmetry. Then three fit-
ting conditions have to be fulfilled:

- a coupling of the two extremities of the cell (points A and F of fig.l)
imposing (with a high weight) the corresponding phase advance (transverse
tunes) as well as an equivalence (with a low weight) of the Beta function
(reduction of the Beta beating and small axis symmetry).

- a constraint on the Dispersion function and it's derivative at the injec-
tion septum (point C) (damping and stability conditions).

~ a coupling of the two injection kicker locations (points B and C) impos-
ing (with an intermediate weight) the corresponding phase advance (injec-
tion conditions) as well as an equivalence (with a low weight) of the
Beta function (Beta beating and slicing conditions).
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4, TEST OF THE METHOD

The above method has been used to rematch the lattice with the nominal
transverse tunes and using different bending magnet models corresponding to
the different working energies then to adjust the lattice to different
transverse tunes.

4.1 Adjustment to the bending magnet model

The Mad listing corresponding to the matching of the lattice with the
nominal tunes (Qx = 4.46, Qy = 4.38) and the 600 MeV bending magnet model
[4] is attached:

- The big and small axis symmetry are completely respected without any Beta
beating in horizontal and negligeable in vertical

Points A and F: Bx = 14.705 + 1lE-3 3 By = 3.020 + 6E-3
Points B,C,D and E: Bx = 13.633 + 1E-3 3 By = 3.135 + 6E-3

- The dispersion functions, injection and slicing conditions are ideal;
Points B-C and D-E: Dx = Dx' = 0 ; MUx = MUy = 0.025 + 1E-3
- The maximum Beta function is reduced:
Bx(max) = 15.3 m 3 By(max) = 1l4.6 m

Remark: Linear optics as well as chromatic functions like for example
the chromaticities are derived from the parameters of the bending magnet
model [4] which has been adjusted to give a representation for on and off
momentum particles behaviour similar to the results of the tracking program
ORBIT of M.Bell.

4,2 Adjustment to different operation energies

EPA is supposed to work at a constant operationel energy, E = 600 MeV.
Nevertheless, an energy range has been foreseen in order to cope with even-
tual klystron problems or energy upgrading of LIL:

500 MeV < E < 650 MeV

Therefore the bending magnet has been measured and modelled [4] also at
these two extreme energies (fig 2). Table 1 summarizes the main parameters
of the lattice after matching as well as the required quadrupole strengths.

Thanks to the trimming quadrupoles (fig 3 and table 1) located at the
optimum position for this purpose [2], the lattice is easily retuned with-
out any major modification of it's characteristics. The variation with en-
ergy of the sextupole component of the bending magnet induces a small per-
turbation of the natural chromaticities (fig 3), which are easily
compensated by the two dedicated sextupole families: HR.XNH and HR.XNV.
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4.3 Adjustment to different transverse tunes:

In order to test the flexibility of the lattice as well as of the

matching method, a large area of the tranverse tunes area has been covered
(fig 4):

4.15 < Qx,y < 4.85

Table 1 summarizes the main parameters of the lattice after matching
with the nominal values.

In any case, the required tunes have been exactly reached with an opti-
mum Dispersion function and horizontal phase advance between kickers.
Moreover, the matching is perfect (penalty function < S5E-6) and all the
constraints exactly fulfilled even for extreme tunes except for vertical
tunes greater than 4.70 (cases 12,13,14). In these three cases, the hori-
zontal parameters are acceptable but the lattice 1s highly mismatched in
the vertical plane as shown on fig 5 which plots the maximum of the Beta
function in both planes in function of the corresponding tune.

Therefore, limiting the maximum acceptable of the Beta function to 25
meters which corresponds to an EPA acceptance (with an ideal closed orbit)
of:

EPSx = 100 mm-mrad 3 EPSy = 12.5 mm-mrad

the EPA lattice is perfectly matchable with the proposed method in a broad
tune area:

4.20 < Qx < 4.90 ; 4.15 < Qy < 4.70

5. POWER SUPPLIES STRENGTH REQUIREMENTS

In any of the studied cases, the required quadrupole strengths are well
inside the available power range specifications (table 1).

The HR.QTR trimming quadrupole family, implemented in order to correct
locally the variation of the bending magnets characteristics with the oper-
ating energy, has been found to be extremely useful for tuning the machine
to different transverse tunes specially in the cases of high vertical
tunes. Their strength, limited not by the magnet (design identical to the
HR.QFN, HR.QDN quadrupole magnets) but by the power supply, is still suffi-
cient.

Finally, the rematching of the lattice by MAD needs changes of the qua-
drupole strengths in the arcs only, HR.QFW, HR.QFL, HR.QTR, whereas the
quadrupole strengths in the straight sections, HR.QFN, HR.QFI and HR.QDN do
not necessitate any modifications (at least as long as the lattice is cor-
rectly matched).
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6. CONCLUSION: CONFIGURATION UPDATE

The developped matching method is proposed to serve as a basis for the
modelling program, Configuration Update [8], to be used in operation to
match the EPA configuration.

It has been shown to be easily usable to adapt the lattice to different
bending magnets corresponding to the EPA operation energy range as well as
to transverse tunes covering a large working area with a limited number of
constraints.

The only bad point consists in the necessary computer time for matching

(nearly 200 elements), which, still acceptable on the IBM (20 to 40 sec.)
lasts as long as 4 to 5 minutes on the PRDEV computer.
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