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Abstract OPERATION SCHEME

Currently Indus-2 is normally operated with beam The emittance change over procedure is carried out
emittance of 85 nmrad at 2.0 GeV. In order to redugnder the following constraints (1) transverse teta
the beam emittance to half of this value its dis@# tynes in both horizontal and vertical planes should
function has been modified by properly choosing thesmain constant or should be controlled as per
qguadrupoles strengths of the lattice. At this logain requirement, so that betatron tunes kept far awam f
emittance optics dynamic aperture reduces and ro8y Rne dangerous resonances lines (2) Value of theggne
be sufficient for beam injection thus a p_roceduees h dispersion function should be shaped appropria@)y
been evolved and implemented to shift the beamengitivity of the beam optics towards linear and
emittance of stored beam at 2.0 GeV. nonlinear imperfections shall be as smooth as plessi

(4) Chromaticity correcting sextupoles strengthelidte

INTRODUCTION adjusted as pematural chromaticities of the low
The magnetic structure of Indus-2 is an expandeshittance optics.It is found that, at least three families
Chasman Green (ECG) lattice. The ring is consist af quadrupole magnets (QPs) and two families of
eight superperiods each having two dipoles, fivehromaticity correcting sextupole magnets (SPs) are
guadrupole magnet families for the optics matclind required to vary synchronously in a well defined
two sextupole magnet families for the chromaticityprocedure. Two families of QPs are used for adjastm
correction. Presently, it is being operating in highof the betatron tunes and the third family in the
emittance mode [1, 2] ~85nmrad (moderate opticspchromat section is used to control the energy
Initially optics with an emittance ofOnmradwith tune dispersion function. If additional constraints &ept on
point (9.3, 5.2) was used in Indus-2. When Indwga® the beta functions, they can be achieved using
tuned at this optics, a partial beam loss was @kser remaining two QPs families. In the moderate optics,
during beam injection and also, there was sommeasured horizontal tune,£9.3) nearly matches with
difficulties in the beam energy ramping. It maydwe the theoretical tune and the measured vertical tune
to injection errors [3] and small dynamic apertutae (v,=6.09) is less in comparison to theoretical tune
to the strong nonlinear sextupole magnetic fieldsdu (6.15). In the switching over processes thevas kept
for correction of large chromaticity. The strongconstant and they, was increased by 0.05 so that
sextupole magnetic fields are required due to thells amplification factor for closed orbit distortion€@®D)
energy dispersion function. In the moderate opties in the vertical plane can be reduced. Computerrarag
value of the dispersion function is kept high torease Burhani [2] was used for simulations. Various
the dynamic apertur&he estimated horizontal dynamic constraints were kept on the beta functions in the
aperture is ~9mm for the low emittance optics andimulations. It was observed that when all QPs liami
15mm for the moderate optics. To achieve a low beamere used, the change of QPs strengths was irregula
emittance, a procedure has been evolved arthe four QPs families, Q2F and Q3D in insertion
implemented. In this procedure the beam injectind a section and Q4F and Q5D in achromat section asshow
the beam energy ramping were carried out on tha figure 1 were used to obtain solution. The agtic
moderate optics, so that the effect of the injecBorors functions for moderate optics and the low emittance
can be minimized and higher dynamic aperture igptics are plotted in figure 1 and 2 and their amgé
available during beam injection as well as durihg t dependent tune shifts considering sextupoles fiakls
beam energy rampingVhen the beam energy is 2 orsmall perturbations are tabulated in Table-1.
2.5GeV the strengths of magnetic elements are glowl Table 1: Amplitude dependent tune shifts
changed to those corresponding to the low emittance

optics keeping the tune point fixed. The beam \lith Parameters M oderate Optics é‘&?’csem'ttance
Ig)\_/v hbeam emfl_ttarlme producis hlgh(?r pIJhoton bef]lmdvX 6321273723 104 72 130.62
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?&icirate eam optics Is changed into the low eneéta | o716,y emittance optics mode, the sensitivify o

linear imperfections in the vertical plane was el
and is increased in the horizontal plane as showmthe



figure 3. The multiplication factors for the beamvariations in SPs strengths are also included atalral
emittance variation and strength variations for @@d beam decay was observed. The measured COD is
SPs are shown in the Figure 4 during the tuning. shown in Table-2. In the low emittance optics, st i
3 T oderate optics observed that vertical COD is reduced, whereas
251 horizontal COD is increased.

ii—f ] Table-2: COD measurements

Lattice functions (m)
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horizontal plane, the mismatch in tune, may be tue
the higher values of horizontal COD at sextupole
locations.To confirm thisv, was increased to 0.44 using
Q2F and Q3D families and keeping the same emittance
0 5 pathQength (ns 20 and making the measured rms COD same as moderate

Figure 2: Lattice functions of the low emittancdicp ~ ©PticS. The measured tune values are almost matchin
with theoretical prediction.

Lattice functions (m)

g 1o coPx A0 5 In the low emittance optics, beam lifetime is
E 1121 0.95 £ 284minutes at 100mA beam current, which is less in
£ o8] S CETIS comparison to moderate optics (482minutes). Thenbea
E B,-assymetries 0.85 & lifetime improved to 420minutes wheg was increased
« 1.04 ~ . . .
8 o0 lo.s0 8 by 0.1 andv, by 0.02 as shown in Figure 5. This also
1.00 % ™ s " Too resulted in the reduction of rms COD in x-plane to
No.of steps 4.95mm.
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Figure 4: Multiplication factors of QPs and SP&sgth CONCL USION

& emittance variations during the tuning ) _ )
With this procedure the stored beam is successfully

RESULTSAND DISCUSSION shifted to the low emittance optics. After COD
In the switching over processes as shown in figure correction, further reduction in the beam emittantey

a look up table for the magnet currents was geqaératIoe possible.
and fed to the hardware by using the existing ramp
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