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Abstract the required current is reached. At this point the Linac
injection stops an&100 msec are left to the stored beam
In the high luminosity Phi-Factory DBNE, a timing to damp down to the equilibrium dimensions and emit-
system has been provided for the control and proper sytance. The "cooled" beam is then extracted in a single turn
chronization of the injection process from the Linacand transferred to the main ring (MR), where injection in
through an Accumulator/Damping Ring, into tht/ee  the desired single bucket takes placs atpps.
Main Rings, for the minimization of phase oscillations at The sequence of operations may be different for elec-
injection and for the stability control of the Interactiontrons and positrons. The execution of a required command
Point. The Linac beam {eor €, alternatively) is injected sequence is performed under control of a timing system.
at< 50 pps into an intermediate ring until the required inFour resonant discharge coil kickers [4] provide the
tensity and emittances are reached, then the extractiorPO0 nsec long injection and extraction pulses in the
from the damping ring and injection into a single buckeDR. Different kicker voltages and trigger timing have to
of the e+ or e- ring takes placesaf pps. The accumula- be provided between injection and extraction. Similar
tor RF phase, the firing instant of the Linac, of the injeckickers are used for the injection into either one of the
tion/extraction kickers in the accumulator ring and of thR's.
injection kickers in the main ring must be properly syn- It is noteworthy that the*dée” beams to and from the
chronized in order to fill the selected bucket. In this papddR pass through portions of the same transfer line in op-
we describe the operative procedures and the control ppesite directions, hence the necessity of pulsed magnets
grams, along with the hardware solutions and the tecfb]. One of these magnets (DHPTT02) is normally off
nologies employed to get the synchronization signalduring the DR injection and must be on during the trans-
within the required precisions, according to the type dr to the MR. In the other pulsed magnet (DHPTTO1) the
timed element, down to a few picoseconds in the RBending field must be reversed between DR and MR injec-
chains. tion. The field reversal occurs during the same ~100 msec
when the DR beam is being damped. In addition, a third
1 INTRODUCTION pulsed magnet (DHPTSO01) is used to send the Linac beam
DA®NE is a Phi-Factory [1] with high luminosity at into a spectrometer branch to measure the mean energy
1020 MeV in the center of mass and large currenend energy spread. This is done by stealing one Linac
distributed in<120 bunches. The collider proper consistpulse onto the spectrometer typically at the same time
of two storage rings, one for electrons, the other fowhen the cooled beam is extracted from the DR into the
positrons, intersecting in two interaction regions. Th¥R.
intense current needed for high luminosity is supplied by
a powerful injection system composed of difeeLinac ~ 43529 2500 8 .5v 20
[2], a small intermediate storage ring (Accumulator: |
Damping Ring) [3] and transfer lines ~180 m long. [ |
Injection from the Linac through the Accumulator takes
place at the collider operating energy of 510 MeV. Thi{ | / |
"top-up" injection has been demonstrated during th | DHPTTO2
commissioning. F bl
The injector commissioning started in 1995 with shor | DHPTSO1
periods of operation as the major components and servic v
became available. The main rings construction has berf. ... l.cc.aooooov.... TP DT TR
completed in July 1997. At the end of 1997 the first col- )
lisions have been observed and now the single bunch lu- Figure 1 - Pulsed Magnets: dB/dt
minosity commissioning is in progress.

ADHP'[TOl

In order to fill the selected MR bucket with good effi-
ciency, the firing instant of the Linac modulators and gun,
2 DA®NE REQUIREMENTS of the injection/extraction kickers in the DR and in the
The Linac beam (eor e, alternatively) is ~10 nsec MR, and of the three pulsed magnets must be properly
FWHM long. It is injected in single turn/single bucket atsynchronized. The main ring RF drive (368.26 MHz) is
< 50 pps into the Accumulator/Damping Ring (DR) untilprovided by a master oscillator; the accumulator RF drive
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is derived from the master by digital division and phase The DA®NE timing system provides:
shift by the timing system. - triggers for all the pulsed elements;
The principal parameters of BINE accumulator and - synchronization of the ring RF cavities;
main rings relevant to the timing system are presented j”triggers for the bunch-by-bunch feedbacks;
Table 1. - triggers for diagnostics and data acquisition system;
Table 1: Rings parameters list - control of operational sequences for all the accelerator.

Main_rings Accumulator 'ecgi%réngethueeﬁggrw:\\s/g) Bg]gnaunscjactihZ:c%er:jail::or:on:gg ):Jlr:e_ra
Circumference (m) 97.69 32.57 J. q ' 9 P
MR/DR length ratio 3 tion mode.
9 The principal devices to be synchronized and the actions
RF frequency (MHz) 368.26 73.652 L . .
) performed by the timing system are listed in Table 2. The
Harmonic number 120 8 . . . . . .
combined action of the timed devices is described by a 31
Numberof bunches 3120 1 o " ..
o bits "state word" issued by the timing system every 20
Damping time L/T [msec] 18/36 11/21 msec. One or more state word bits [6] are associated to the
Current/bunch (mA) 44 132 :

specific devices to enable or disable their actions.

The synchronization of the RF cavities of the electron

The harmonic number ratio between main rings angny and the positron ring is crucial in order to optimize
accumulator is 15 (factor 3 from length ratio, factor §e |yminosity. The bunches entering the interaction

from RF frequen_cy ratio). The correct _bucket_selection ingion coming from the two different rings have to cross
the accumulator is done by proper choice of Linac gun agd the |ongitudinal position corresponding to the mini-
injection kickers timing. Twenty-four main ring buckets, ,m of the vertical betatron function. The control of the
are available for a fixed phase of the accumulator RF. |® i accomplished by means of precision phase shifters
fact, injection from any of the 8 accumulator buckets intg,sarted between the common master oscillator and the
any 1/3 of the main ring is possible by proper delay g4g cavity drivers.
the extraction kicker timing. By shifting in phase the A the same time the capability of topping-up the main
accumulator RF by 0 to 4 increments of/2, all 120 4 requires that the RF phase is the same for the interac-
buckets in the main ring are available. tion and the injection. Once the MR RF phases are prop-
erly set, the accumulator RF phase has to be corrected for
3 TIMING SgggEMP%E)ENRAﬂONAL the different length of the electron and positron transfer
lines. This is done by introducing an offset in the bucket
In this chapter the main operational characteristics afumber and a proper delay in the accumulator RF when
the timing system are presented. switching from one particle mode to the other.

Table 2 : Devices to be synchronized

Device Trigger Stability Description
Linac Gun @4 + RF/120 + # bunch) <lnsec ;—C\?Hgl\eﬂr) Linac Gun (~ 10 nsec
Linac System @ + RF/120 + # bunch) <lnsec | Trigger Linac Pulse Modulators
Spectrometer @+ RF/120 + # bunch) <lnsec | Trigger SEM Hodoscope ADC
Pulsed Magnets @n + (RF/120 + # bunch) g8 | Bending in the Transfer Line
Damping Ring RF RF/5 + # bunch <2 pseq Accumulator RF drive
Accumulator Kickers @ + RF/120 + # bunch) <lnsec | Accumulator inject./extract.
e/e’ MR Kickers A + RF/120 + # bunch) <insec | Inject. into € € main rings
Injection / Extraction DR Iniection Trigger, <100ps Beam Mea;urements in the DR,|in
Diagnostics MR Injection Trigger the TL and in MR
Stored Beam Diagnostics MR Injection, Fiducial <100ps MRand IR Beam Measurements
e’/e* Long. Feedback RF, Fiducial <10psec Synchronizing Bunch-by-Bunch

Feedback

KLOE Experiment RF/4 <2psec Machine Trigger
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4 IMPLEMENTATION AND A second group of modules distributes and receives

PERFORMANCE every 20 msec synchronous commands from VME crates

. . to VME crates in all the accelerator area, using a RS485

.A stable and er_X|bIe timing SVS‘e"?“ [7] has been des',erial link at 1 Mbit/s. These boards are based on the digi-
S|gn_ed and realized to accomplish the ®NE tal signal processor AT&T DSP1610. The information is
requirements. contained in the 31 bits state word that is distributed in

4.1 Slow Triggers, fast triggers real time. A local decoder module enables or disables a

. ] . ] specific trigger depending on the current state word.
To drive many devices, different triggers have to be Fing|ly, the last group of modules distributes and adapts

generated from the main trigger sources (the 50 Hz and tgnals between different electric levels: pure sinusoidal,
radiofrequency at 368 MHz). It is possible to synchronizgjferential ECL, NIM, and TTL.

slow triggers € 50 Hz) with fast triggers by circuits ) o )

based on type D flip-flops. The goal is to have fast trigd-3 Real time finite state machine

gers as stable and precise as possible respect to the ma

g . . K finite state machine is implemented by the real time
ring RF and slow triggers also stable but following th%oftware running on the DSP's. Two 50 Hz phases, @1
fluctuations of the mains. This is to manage better th ’

Li qul ioles. Th bination b giff Snd @2, are used by the module that has to dispatch the
inac moau gtor rippies. the com |nat!on etw'een' ! er'Eiming state words: in this way is possible to manage 4
ent triggers is possible because the information is ba

I ined in the ph d i the f Yates correlated with the 50 Hz phases without adding any
cally contained in the phase and not in the frequency. jitter due to the software. This is important to send syn-

¢ About the fSSt, tr&gg.erz', theh ma:jr.l frlng reVOIt_;t'oﬂchronized commands. The 4 states are useful to perform
requency s obtained dividing the radiofrequency by thgy ¢ taqks and to transmit information without putting

harmonic number: to inject in multibunch mode it 'Sany device in an unwanted condition.

necessary to have it with two different phases, one as 3rhe command sequences cyclically executed by the

fixed dreferenc:lz., r;[ht? (I)(therh as a mobllg hrefere?ﬁﬁnite state machine are files edited in table form. Every
accor |ng"tq W .IC,, ucket the operator wishes to filljq corresponds to a kind of injection. The bunch selec-
We call "Fiducial" the fixed phase reference, an

. ion is in another file. This is to maintain the maximum
"RF/n + # bunch" the mobile phase reference; n can Qﬁ

120 or 5. The Fiducial is mainly used by the diagnostic

system, the "RF/n + # bunch” is sent, combined with thﬁ"‘om the main panel a specific trigger for a chosen device,

convenient slow trigger, to the timed devices in the accell(-)r example to stop the damping ring extraction but not

erator plant. Y s . : :
. . the injection. The timing system can easily do it clearin
About the slow triggers, the Master Trigger Generato ) g sy y ¢

at 50 Hz, through a PLL locked to the mains, generatesl(gqé?géttix gﬁterzsi.ctlon triggers and maintaining enabled the
phases that we call @1, @2, @3, J4. They are out 0

phase by exactly $0 The other slower triggers (25 Hz or ACKNOWLEDGMENTS
less) are created by a software finite state machine base

on digital signal processors.
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