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Abstract The synchrotron has a circumference of 28.44 m. It
consists of six super periods, each having a bending
The Indus-1 synchrotron radiation facility consists of anagnet and a quadrupole doublet. A multiturn injection
450 MeV storage ring for the production of VUVscheme has been chosen for injecting 20 MeV electrons
radiation and its injector system which has a 20 Me®xtracted from the microtron to the synchrotron. The
microtron and a synchrotron. In this paper, we discuseheme requires three kickers to produce a compensated
results of the experiments carried out to commission theimp. The synchrotron has a harmonic number of 3 and
synchrotron and Transfer Line-2. Transfer Line-2 repetition rate of 1-2 Hz. The accelerated electrons are
transfers 450 MeV electrons from the synchrotron to thextracted using a fast kicker having a rise time of ~ 40
storage ring. In the synchrotron, a current of 11 mA hassec. During the extraction process, one out of the three
been achieved at 450 MeV and a successful extractionlmfnches is lost and only two bunches are extracted.
electrons has also been carried out. We also discuss the
results of the initial commissioning experiments carried
out with Indus-1.

1 INTRODUCTION

Indus-1 is a 450 MeV storage ring which will mainly
provide the radiation in the VUV region of the
electromagnetic spectrum [1,2]. The synchrotron is use
as an injector which is capable of increasing the energy
20 MeV electrons as injected from the classical microtrc
to 450 MeV for injection into Indus-1. The layout of
Indus-1 facility is shown in Figure 1. The microtron,
transfer lines and synchrotron have already bee
commissioned. Beam circulation was observed in Indus
without injection kicker. In this paper, we describe thi
status of the Indus-1 facility.

2 DESCRIPTION OF INDUS-1 FACILITY

B M: BENDING MAGNET
QF : FOCUSSING QUADRUPOLE
Qp : DEFOCUSSING QUADRUPOLE

2.1 Microtron RF : RADIO FREQUENCY CAVITY

I\ Ext - Extmacton sem
The 20 MeV microtron is of a classical type. Its majo g 1Mous-g W iwicoien o
components are an accelerating cavity and a dipc %52 $3 0""
magnet. The directly heated electron emitter §as %@aﬁar ’
Qo

been incorporated inside the accelerating cavity operati

at 2.856 GHz. The electrons emitted are accelerated to
20 MeV in 22 orbits. The microtron has been designed to
provide an electron beam with a current of 20 mA in a 1-
2 us long pulse duration at a repetition rate of 1-2 Hz.
The design horizontal emittance is 1 mm.mrad anigure 1 : Schematic layout of Indus-1 SR Facility.
energy spread of 0.2%.

2.2 Synchrotron
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2.3 Indus-1 3 COMMISSIONING

Indus-1 is a 450 MeV electron storage ring designed ithe microtron was commissioned towards the end of
satisfy the user requirements in the range 10-100 A. 1t 19€94. Since then it is regularly delivering a 20 MeV beam
a small ring having a circumference of 18.96 m. Thef pulse current 20 mA, pulse length of 18 at a
magnetic lattice of the ring has four super periods eachpetition rate of 1 Hz. TL-1 optics is also optimised for
consisting of a dipole magnet with a field index of 0.%his microtron beam and is being used regularly.

and two pairs of quadrupole doublets. Each super period

has a 1.3 m long straight section. The injection septumitially, the synchrotron was operated at the injection
and RF cavity are installed in S1 and S4 respectively. Tle@ergy to carry out some measurements [3]. As the
injection kicker and a wiggler will be installed later on incurrents in the magnets were increased, the beam was
S3 and S2 respectively. A single kicker injection schenmiccessfully accelerated to 480 MeV with 1.8 mA beam
has been chosen. To correct the natural chromaticity,carrent. At this time, the steering magnets were not
pair of sextupoles is used in each super period. The riegergised. In subsequent operations, the current was
has a wide tuning range and two tune points have beiegreased to ~ 11 mA mainly due to the correction of
selected for its operation. The dynamic aperture is largerbit using the horizontal and vertical steering magnets,
than the physical aperture. The parameters of Indus-1 aeenping of the rf voltage from 1.5-6.0 kV and possibly

givenin Table-2. due to improvement in the field pattern of dipole
magnets. The RF cavity was detuned by ~ 5 kHz with

Table-2 Parameters of Indus-1 respect to the generator frequency of 31.616 MHz. Figure
2 shows the DCCT-LP filter signal (1V = 10mA) along

Energy 450 MeV with a dipole ramp cycle.

Current 100 mA

Bending Field 15T TR4A; 1,90V ; 0,2985 DATE: 14 FEB 98

Critical WavelengthXc) 61.38 A2; 30.69 AD TIME: 01: 53: 49

Circumference 18.96 m J= e TR1A: 02.0V: 100ms

Typical tune point 1.88,1.22 // \‘ /

Beam emittancefy 7.3x108, 7.3x1010m rad // N

Photon flu$ ’ 72x181a32x1d2b TRAA: .50V 100ms

Brightnes§ 72x181a30x1d2b

Bunch length g 11.3cm

Beam lifetime 1. 8 Hours I

Energy spread 3.86 x 1

Revolution frequency 15.82 MHz il

Harmonic number 2

Power loss 0.36 K#; 0.05 kWP

Figure 2: DCCT signal during ramping in synchrotron
a pending magnet

b high field wiggler (3T) To understand the behaviour of the beam during ramping,
C Flux in photons/s/mrad horz./0.1%BW some experiments were carried out. Betatron tunes were
d Brightness in photons/s/mihmrac?0.1%BW measured using the RFKO method up to ~300 MeV. The

horizontal betatron tune was measured at the final energy
2.4 Transfer lines using coherent excitation of the beam with the help of the

extraction kicker. The tune variation was very small

Transfer Line-1 (TL-1) transports 20 MeV electrons fronfluring ramping. The horizontal tune at the injection
the microtron to the synchrotron. The beam opticenergy was 2.2218 and at the final energy was 2.220, the
matching requirements of the beam at the injection poiMertical tune at the injection energy was 1.457 and at the
of the synchrotron have been taken care of by using thré@0 MeV it was 1.456. Synchrotron tune was measured
quadrupole doublets and a bending magnet. Transfer Liflering ramping. The coherent synchrotron oscillations
- 2 (TL-2) transports the beam from the synchrotron t¢ere excited due to the noise present on the signal used
the storage ring. Four quadrupole doublets and tW@r cavity voltage ramping. The synchrotron frequency
bending magnets are included in this line to take care Was 0.002267 at the injection energy and it gradually
the beam matching requirements at the Indus-1 injectiéi¢creased to 0.0008823 at 450 MeV. The bunch length
point. at the final energy was measured using a wall current
monitor. The bunch length wass2= 1.4 ns. With this
synchrotron frequency and the measured bunch length
the momentum compaction of the machine was estimated



to be equal to 0.16 which is very close to the design valaecumulate the electronslivstart in April '98 when the

of 0.151. kicker magnet is installed in Indus-1.

Beam Position Indicators (BPI) are installed in S2,S3 ar 1R4A 12 4nv : -032.Sns DATE: 08 aug 97

S5 in the synchrotron. To measure the dispersic f TIME: 17: 18: 13
function at the BPI locations, change in horizontal bea - - | __TR1a: 050mv: Sons WCP1
position was monitored with variation in the RF generatc ™ ; TReA: 3 00V: ééﬁl‘véﬁ‘;u
frequency. With a measured momentum compaction tl Y nray (RTOR Scale 2,25v/ma
dispersion functions at BPI2 and BPI5 locations wer | L 1L 71 Y rran: o5 omv: s0ms weps
found out to be equal to 1.4 m & 1 m respectively. Th WL Scale 130mv/ma
design values at these locations are 1.35 m and 1.28 '

Beam positions during ramping were monitored. Th ‘

orbit distortion of few mms is recorded in the BPIs. Orbi [T NI T T i

correction algorithm will be used for correcting the orbi e = ez |

after installing three more BPIs in the ring irag@s of

BPMs in S1,54 & S6. Figure 3 : Current signals in TL-2 and Indus-1
Initially, the extraction kicker magnet was not installed in 4 CONCLUSIONS

the ring. It was installed at a later stage when its power

supply was ready. The beam extraction trials began afteke microtron, synchrotron and transfer lines have been
3-4 mA accelerated current was achieved in théommissioned. Initial trials for circulating beam in Indus-
synchrotron. The kicked beam was observed on thein the absence of the injection kicker were successful. It
mouth of the extraction septum magnet painted with Zn§ hoped that after installation of the injection kicker in
As the location of the septum is near the dipole magnetpril'98, it will be possible to store electrons in the ring
the intense synchrotron radiation was stopped bya50 and the ring will be available to users towards the end of
thin aluminium foil. Using the compensated closed orbit998.

bumps in either plane the beam was pushed into the

septum aperture. The two extracted bunches were 5 ACKNOWLEDGMENTS

monitored in TL-2 using a Wall Current Pickup (WCP).

This beam was transported up to the injection point dihe design and commissioning of Indus-1 facility is a
Indus-1. During this passage, the beam was observedie@m work of many engineers, scientists and technical
various BPMs in TL-2. The currents in the steering€rsonnels of Accelerator Programme, CAT. We would
magnets were optimised to centre the beam spot at théke to thank all of them for their valuable contribution.
screens as well as to maximise the current in the XVe would also like to thank A S Kalinin from BINP,
pickup monitor installed at the end of the line. Initially itRussia for the development of wall current pickups and
was noticed that the beam spot used to shift horizontafjgam orbit measurement system.

from time to time. This was mainly due to the dipole

current variation (energy variation) at the extraction point 6 REFERENCES

in the synchrotron. This problem was rectified b 1] G Singh et al, Proceedings of Conference on Synchrotron
eXtraCt!ng the be"?‘m at flxed. dlpo'? current. . W Radiat?on AppI’ications, He?ei, China, 1989, pp 122-y127
extraction kicker is synchronised with the dipole

extraction current. [2] S'S Ramamurthi et al, Status of the Indus-1 SR source, NIM
A359 ,1995, pp 15-20
Similar to the extraction septum magnet of the

synchrotron, the injection septum mouth has also begj D Angal et al, Commissioning of Indus-1 Facility. Proc. of
painted with a fluorescent material and is viewed through 4th International Conference on SRSs and 2nd Asian Forum
a port. Adjusting the steering magnets at the end of TL-2, ©n SR, Korea, Kyongiu, 1995, pp 91-98

the beam spot was passed through the centre of the

septum magnet. Currents in the septum magnet, dipole

and quadrupoles of Indus-1 were optimised to circulate

the beam without the injection kicker and with RF cavity

off. A beam spot was observed on the BPM placed in S2

and maximum of 6 turns were observed in the WCP

placed in S3. The traces of the ilescope shown in

Figure 3 show the signals of the WCP in the beginning of

TL-2, 2rt pickup monitor at the end of TL-2 and WCP in

Indus-1 along with the extraction kicker signal. Trials to



