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Abstract low emittance € = 5-:107 m-rad)andsmall energyspread
(AE/E = 2-109).

The injection system for the 3rd generation synchrotron
light source BESSY Il became operational in A@997. 2.1 Tunes ang@—Functions
It consists of a 50 MeV microtron andrapid cycling 1.9
GeV low emittance synchrotron, which ensures a short The lattice isbased on &ODO structurewhere the
filling time. Commissioning results includingpeam dipole in every secondell is missingand the straight
optical measurements at injectionergy and during Section has been reduced to 2.3 m. The design tungs (Q
acceleration are reported to charactetize performance = 4.42/3.38) were chosen near a half integeretiuce the

and the main parameters of the synchrotron. sensitivity of the orbit tdield and alignmenterrors [1].
To optimize the beam intensity, the tunkave been
1 INTRODUCTION varied over a large range as shown in Fig. Telsonable

The basic design goal for the BESSY Il injectiondlstancefrom major resonances no pronounced tune

- . . dependence ofhe beamcurrent was observedgiving a
system was tgrovide abeam intensity large: enough toIar e freedom in tune space. Measurements of the fiiean
fill the storage ring at fullenergy of 1.9 GeV in 9 bace.

multibunch operation to 200 mA in typically one minute?cunCtlonS In the quads agree well with the model optics.

Table 1 recalls the maiparameters othe system. The

. . Q

details of the optics [1, 2], the layout of the magnets [3], Y N N S N ’
andWhite circuits [4],and ofthe transferlines [5] have ] EJD o S © gfgrgoazvo“m ton
been presented elsewhere. Here we concentrate ¢ 55 | - 5&- ‘Oo";? O AC-mode operation
operational experienceand beam optical measurements i Bl AN E at 1.9 GeV
made during commissioning. o B
Table 1: Main Parameters for the BESSY Il Synchrotron | N AN
Max. energyEmax [Gev] 1.9 454 °© Wl o|® o
Circumference L [m] 96. 1 7 o O/
Repetition rate [HZ] 10. 10 - R 1 N o
Number of cells N 16 B N BN A

i 1 AN . Design Qx 1= 4.42
Inj. energyEin [MeV] 50. 1 e o\\/Tune Oy = 338
B-field @ Emax M 0.95 354 I
Emittancee @ Emax [m-rad] 1.9.107 1 . e - I N
Tunes Q/QZ 4'42/3'38 30 g/l T ITI['I T I\./] T ;‘ T I\ /1 IR \\\‘
Mom. compactiora 0.054 3.0 35 4.0 4.5 5.0 5.5 Qx
Nat. chromatl.cmeiX/Ez -4.7/-3.9 Fig. 1: Tunes studied iDC-mode (1= 4 mA) and in the
Current (multibunch)y [mA] 3 acceleration mode at full energy=(R mA).
Rf-frequency f [MHZz] 499.66

2 DC-MODE OPERATION AT 50 MEY 22 Orbitand Coupling

To optimize the injection processdverify the linear For orbit correction 30 steerers are availapith small

optics before switching on the White circuits, werated PC Power supplies allowing correction only at low
the synchrotron as a storage ring at injection enekigr ~ €Ne€rgy- Ittrned out, however, that nasteererswere
proper adjustment of the injectidransferline up to 4.5 Neéeded toobtain the maximum beam current. Excitation
mA of beam current have been stored with 6 mA from tHyf individual steerers indicatethat the availablefree
microtron, giving a totaltransfer efficiency of 75% aPerture around the real orbitis roughly+ 15 mm and
(transparency of transféine ~ 88%, injectionefficiency £Z* 6 mm. Figure 2 shows the beam orhieasured
~85%) Weattribute the high injectiorefficiency to the With 30 BPM stationslocated nearthe quadrupoles,
favorable beam characteristics e microtron offering  91ving rather small maximum deviations &% =+ 4 mm
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andAz =+ 2 mm. BPM positioningerrors are of the rectangular voltage inverter) istherefore strongly

order of 1 mm inboth planes. The vertical orbérrors, suppressed.This has the advantagethat only even

dominated by quadrupoltisplacementsare in reasonable harmonics from saturatioeffects in the magnets and
agreement with the rms neighbour to neighbourchokes contribute to the tracking errors.

alignment error ofo; = 0.15 mm. Horizontally the orbit

errors are causethainly by deviations of thédending The three AC powesuppliesare driven by individual
strengthbetween the dipole magnetkie to remanence sine wave generators, where the dipole genegttsr as a

effects.
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Fig. 2: Beamorbit in DC-operation at 50 MeV without

excitation of steerer magnets.

100

master and thguadrupolecircuits are phaselocked to the
dipole circuit with the help ofero-crosssignals. These
signals are derived from sensing coils installed in the gaps
of the reference magnets powered in senigs the lattice
magnets. As a result the phase of the quadrupole fields can
be kept withint 1 us relative to the dipole field. The
injection process is triggered by the signal frompeaking
strip in thefield of the referencedipole.To generate the
desiredguide fieldwith minimum tracking error, the AC
and DC currents ofachcircuit (i.e. six parametersinust

be adjusted such that the amplitude ratie= Bpc/Bac is

the same. This can kabecked bypeaking stripsnstalled

in the gap of theeferencemagnets, measuring the time
difference/At between the signal maxima given by

At =

acos(B /B
i 2cos{Boc  Bac)

A rathersmall coupling of |k| 8-103 has been ob-
tained from measurements of the stopband widtvdly-  The remaining three parameters then define the energy and
ing the tunesearthe differenceresonance Q- Qz = -2.  the tunes of the desired optics.

With the conservative assumption that the rms rotation of .. ) .
the quadrupoles arounthe beam axis i$9yms = +0.2 -2 Tune and Chromaticity during Acceleration

mrad, a coupling strength of only [k|=10* is expected.  Ajsq in the AC-mode of operationlifferent tuneshave

A second contribution to the coupling can be attributed {0,014 studied demonstrating the largiexibility of the

a relatively strong sextupole term of the dipoles whicRyice To measure the tune at different energieshéiaen
was mzeasured at low field for the prototype magnelt €M 55 peerexcitedvia striplines by a sinusoidalave train
0.7 n19). Assuming a vertical rms orbdeviation of 2 4t 5405 |ength oscillating at the betatron frequency. The
mm in the dipoles gives a coupling of about 23ehich \ave train was properlyriggered by a variable delay to
dominates the contribution fromquadrupole tilts.  coyerthe wholeaccelerationcycle. With a digitalscope

Together with the orbit observations thetiadings ,herated in the FFT-mode the beam signal frosecand
indicate that the magnets are aligned sufficiently well. stripline can then be analysed in frequency domain,

3 BEAM ACCELERATION

3.1 Operation of White Circuits

Three White circuits operating a&p = 10 Hz areused
to exciteindependentlythe dipoles, the focussinguads
and the defocussing quads with a field function

B (t) = Bpc- Bac - cos (2tfrept),

where the AC and DC fieldare generated by independen . 1‘0 20 zjo 4‘0 5
power supplies. Arelative tracking error between the i [msec]
families not larger tha2.6-10% can be tolerated tbmit ) o ] )

the tune variatiorduring acceleration t8Q < + 0.05 in Fig- 3: Tune variation during acceleration.

both planes. The ACurrent of eacttircuit is generated
by an IGBT ([solated gate bipolar transistor) H-bridge
inverter, whichprovides ahigh purity 10 Hz sinewvave
current. Generation afdd harmonics (as in thease of a

Figure 3 shows the tunduring the accelerationcycle
with a total variation ofdQy = 0.07 and dQ; = 0.007
better than specified. The largest variati@mtsur within
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the first 10 mseafter injection i.e. at low field.These Fig. 5). Theenergy independemart correspondsoughly
variations may be atributed i) to variations of #ffective with the max. deviations observed inDC-operation as
length of thequadrupoleselative to the dipolegenerated (ch.2.2). Theenergydependenpart must beattributed to
by permeability changes at low excitation, and ii) to timedifferent dynamicbehaviour of the dipoles: permeability
dependenfields induced byeddy currents inthe vacuum variations at low excitationfields generated byeddy
chambers of the dipoles [6] and quadrup¢i§s At higher currents in the vacuum chamber [6hd capactiveleakage
energythe variationsare negligible as with a maximum currents to earth from the cables connecting the dipoles.
pole tip field of 1 T for theguads andhe dipoles there is

practically no saturation. 15 ' ' '
BPMZ2S13B (s =77 m)
The chromaticitiesmeasuredwith the sametechnique 10‘{ ]
show significant deviations from the natural
chromaticitiesty;; = - 4.7/-3.9 of thealesignoptics (see St . . ]
Fig. 4)._ In contrast to the tunand the o_rbit, the & B"‘---%..,,'.-:_,”M%;qm ., ;!
chromaticity varies over the wholacceleration cycle, £ Of ]
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which indicates that eddy current effeatenot dominant. “Ma‘*“‘”““““ e

We have fitted arintegral sextupole rh-in the dipole to St e ]

each¢y/,-measurement with the result ofnearly linear ¢

decrease of the sextupole during acceleration. Qualitative -10f Fd ]
{

e

this is what we expect from the dipokéth its strongly BPMZ2S9B (s = 53 m)

shimmed pole contour to improve thgeod field range at '1%_0 05 T

1.5

full excitation. The linear variation of infits the &/ beam energy ?GeV)
data nicely at higher fields and gives the natural Fig. 5: Energy dependence ofhe max. horizontal orbit
chromaticity for m =0 with reasonable accuracy. The deviation.
deviations at lower energies may be attributed teedaly
current driven sextupole in the dipole chamber. 4 SUMMARY
Ex,z8 o The BESSY Il booster synchrotron has showary
: s ‘ | stable operation durinthe first 12 months, whiclmade
-10 ™o ¢ [m '_2] commissioningrather simple and straight forward. This
_8; T~ m can be attributed mainly to the IGBT-controlled AGwer

supplies and to the control electronics of the whilete
circuit system.
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