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Abstract

The V123 Synchronous Encoder Module transmits events
to distributed trigger modules and embedded decoders
around the RHIC rings where they are used to provide
beam instrumentation triggers [1,2,3]. The RHIC beam
synchronous event link hardware is mainly comprised of
three VMEbus board designs, the central input modules
(V201), and encoder modules (V123), and the distributed
trigger modules (V124). Two beam synchronous links,
one for each ring, are distributed via fiberoptic and
fanned out via twisted wire pair cables. The V123
synchronizes with the RF system clock derived from the
beam bucket frequency and a revolution fiducial pulse.
The RF system clock is. used to create the beam
synchronous event link carrier and events are
synchronized with the rotation fiducial. A low jitter RF
clock is later recovered from this carrier by phase lock
loops in the trigger modules. Prioritized hardware and
software triggers fill up to 15 beam event code
transmission slots per revolution while tracking the
ramping RF acceleration frequency and storage
frequency. The revolution fiducial event is always the
f~st event transmitted which is used to synchronize the
firing of the abort kicker and to locate the first bucket for
decoders distributed about the ring.

1 BEAM SYNCHRONOUS EVENT
LINK SYSTEM ARCHITECTURE

The RHIC collider is composed of counter-rotating
particle beams in two 3.8 km super-conducting rings
which will be collided in four of the six interaction
regions. There are two RHIC beam synchronous event
encoding systems; one for each ring. Each beam
synchronous event system is the same; therefore only one
system will be described. Both RHIC beam synchronous
event encoding systems are located in the 4 o’clock
equipment house 1004A in a single VME chassis. Each
beam synchronous event encoder system requires five
VME chassis slots, one for the V123 master module, and
four for the V201 input modules. The beam synchronous
event link carrier tracks a varying 14.07 MHz RF clock,
derived from half the RHIC injection and acceleration RF
frequencies. A synchro-synthesizer board in an RF system
chassis is the source of this RF clock. The beam
synchronous event link is initiated as differential
transformer coupled PECL, and connects to a 1 x 8 ECL
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out module then to 6 fiber optic transmitters. The
transmitters drive single mode 9/125 pm fiber optic lines
to 6 service buildings in a star configuration where they
are passively split out to the 18 ring alcoves and 4
experimental halls. Each alcove has 2 beam synchronous
fiber spools, one for each ring. Alcoves, and equipment
houses have spools of fiber optic cable located at
receiving locations to equalize the transmission delays. At
an alcove, the fiber optic transmission is converted to
differential ECL and fanned out by 1 x 8 ECL fan-outs to
the V124 modules and embedded decoders in the beam
position monitors. The output of the V124 modules may
be used directly or fanned out by 1 x 8 fan out units with
LEMO KLOC connectors where these signals are finally
used by instrumentation triggers and experiments.

2 PURPOSE

The low jitter PLL [4] recovered clocks are intended to
provide precise timing and synchronization information
to instrumentation triggers and data acquisition systems
used in experiments and for general beam bucket phasing
purposes. Prioritized hardware and software triggered
inputs can be output to any of 256 event codes after
translation in a SRAM look-up table. There are a total of
15 event slots per revolution. The revolution event will
have the highest priority and will always be output at the
beginning of the revolution cycle. The event codes are
decoded and used by devices such as extraction kickers,
and as a reference for timing triggers and delayed timing
triggers. Other beam synchronous events will be sent on
an input prioritized basis, but can be delayed by the
revolution event. Since the link is fanned out in a star
configuration with equalized delays, an event will arrive
simultaneously at all locations around the ring with
nanosecond precision, and sub-nanosecond jitter.
Programmable delays are provided by the V124
distributed trigger modules using the beam sync link
recovered clock. Counters running on this clock will
synchronize to the revolution event. The recovered low
jitter distributed clock is the basis for the timing precision
of the beam synchronous system. The passage of any and
all bunches around the ring can be signaled precisely to
sub-nanosecond resolution.
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2.3 Frw.negrabber

The VME based framegrabber is the Moduhu- Vision
Computer (MVC) by Imaging Technology Inc. which
operates at 40 MHz with a pipeline processing

The data in table 1 shows the peak pixel values for the
camera’s response to the chosen combinations of test
materials and neutral ~densityfilters.

conilguration.

Table 1: Data from flag material study.
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Figure 2: Sample data from framegrabber application.

An onboard modular histogram processor produces the
horizontal and vertical projections. The image was
displayed via an application written for our Sun Solaris
controls system. The digitised image (512 X 480) pixel
values can range from O-255 (8 bits).

3 TEST TECHNIQUE

The flag materials were individually positioned into the
path of the 24 GeV slow extracted proton beam from the
AGS. The beam was spilled out at rate of 14 tera-
protons/sec. (for 2.5 sec.) or average current 2.2
microarnps. One set of data was acquired at 0.2 pa, which
was our typical intensity during a polarized proton run.

Data from the framegrabber was analysed by
determining the value of the peak pixels in the center of
the beam spot. Neutral density filters were remotely
inserted until the peak pixel values were in the lower half
of the full response range. This was done to avoid
saturation and stay in the linear response of the system.

1131.6 2.2 ua sat. sat. 55 sat.
Nom? 0.2pa 20 17 0 <5

The undoped ,poly-crystalline aluminum oxide
produced about 30 times less light than the doped version.
The emitted light ffom the polished ruby was less
dispersed than the other materials.

The mono-crystalline material produced roughly twice
more light than the poly-crystalline.

5 SUMMARY

A factor of two more light is emitted from mono-
crystalline rubies verses the poly-crystalline material.
Slightly higher peak levels from the polished ruby due to
less scattering of the emitted light.

We intend to use the mono-crystalline ruby (which is
more compatible in a vacuum environment) as an
alternative to radlin which will out gas under vacuum.
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