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 Abstract– The GlueX detector now under construction at 
Jefferson Lab will search for exotic mesons though 
photoproduction (10^8 tagged photons per second) on a liquid 
hydrogen target. A Level 1 hardware trigger design is being 
developed to reduce total electromagnetic (> 200 MHz) and 
hadronic ( > 350 kHz) rates to less than 200 kHz. This trigger is 
deadtimeless and operates on a global synchronized 250 MHz 
clock. The core of the trigger design is based on a custom 
pipelined flash ADC board that uses a VXS backplane to collect 
samples from all ADCs in a VME crate. A custom switch-slot 
board called a Crate Trigger Processor (CTP) processes this data 
and passes the crate level data via a multi-lane fiber optic link to 
the Global Trigger Processing Crate (also VXS). Within this 
crate detector sub-system processor (SSP) boards can accept all 
individual crate links. The subsystem data are processed and 
finally passed to global trigger boards (GTP) where the final L1 
decision is made. 

 We present details of the trigger design and report some 
performance results on current prototype systems 

 

I. INTRODUCTION 

Thomas Jefferson National Accelerator Facility (Jlab) in 
Newport News, Virginia is home to a 6 GeV continuous 
electron beam accelerator with three fixed target experimental 
areas (Halls A, B, C). It has been in operation since 1994 and 
is now beginning construction of an upgrade to the facilities. 
This will include increasing the maximum energy of the 
accelerator to 12 GeV as well as upgrading the spectrometers 
and detector systems in all three experimental halls. In 
addition, there will be a brand new experimental area (Hall D) 
built. 

The new physics program for the upgraded facility is 
expected to substantially increase demands on triggering and 
data acquisition particularly in Hall D where the GlueX 
experiment will require up to a 200 kHz Level 1 trigger rate 
and a 3 GB/s data rate off the front-end. In order to meet these 
requirements we are designing a pipelined, dead-timeless 
front-end coupled with a high-speed, low latency, 
synchronous, deterministic Level 1 trigger and distribution 
system. One of our secondary goals for this design, however, 
is to make sure that we take into consideration the substantial 
existing data acquisition infrastructure – including the crates, 
modules, cabling, CPUs, software, firmware, etc… This is 
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particularly important for the existing Halls. The degree to 
which we can support older hardware and software while 
slowly migrating to the new technologies is critical both for 
the seamless operation of the current experimental programs 
as well as mitigating some of the substantial costs associated 
with upgrading all the existing systems to the new design.  

In this paper we will describe all the components of the new 
design for a Level 1 trigger system. It is based on a distributed 
synchronous 250 MHz clock that drives both the deterministic 
calculation of the triggers as well as the distribution of the 
trigger information to all front-end systems. We will also 
discuss an implementation of this system for the new GlueX 
experiment under construction at Jlab (Hall D). 

II. THE GLUEX DETECTOR 
The GlueX experiment (gluonic excitations) is attempting to 

study quark confinement in the production and spectroscopy 
of hybrid mesons through the interaction of linearly polarized 
photons on a liquid hydrogen (proton) target. The partial-wave 
analysis necessary to study this spectrum requires a detector 
hermetic in energy and very large statistics. Bremstrahlung 
photons produced by a continuous beam of 12 GeV electrons 
on a diamond crystal will be collimated providing a total flux 
incident on the target of up to 3x109 photons/sec and 108 
photons/sec in the coherent peak (8.4<Eγ<9.0 GeV). The total 
hadronic production rate from the target will be around 
360 kHz with an energy spectrum shown in Fig. 1. In addition 
to the low energy hadronic background there is also a very 
large electromagnetic background generated through Compton 
scattering and pair-production in the target and detector. This 
background production is expected to be on the level of 
200 MHz.  

The GlueX experiment will implement two levels of 
triggering. Level 1 (L1) will be hardware-based and will have 
a goal of reducing the total rate to less than 200 kHz (3 GB/s) 
by eliminating a majority of the electromagnetic and making a 
low-energy cut on the hadronic background (Fig. 1). A Level 
3 cut (L3) will be in software and will attempt to reduce the 
L1 rate by another order of magnitude. It will be implemented 
as an online farm. Final rates to storage are expected to be less 
than 20 kHz and 300 MB/s.  
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 Fig.  1 Hadronic photoproduction rates as a function
bremstrahlung photons produced from a 12 GeV incident
represent approximate cuts anticipated by hardware and
the GlueX detector. 
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board houses two Xilinx LX50 FPGAs [2] for collecting and 
aligning the VXS data, and a third LX110 [2] for trigger 
processing. The LX110 can also transport trigger data off the 
crate via four bonded RocketIO ports (also 2.5 Gbps). This 
represents a total bandwidth of 1 GB/s (or 64bits @ 
125 MHz). The external fiber link utilizes the Avago HFBR-
7934 parallel fiber optic module [3] (4 chan full duplex) and a 
multi-fiber (12) ribbon cable that supports 3.125 Gbps for up 
to 150 meters. Each front-end crate participating in the L1 
trigger will require a CTP. 

A companion board residing in switch slot B that we have 
designed for all VXS crates is the Signal Distribution Board 
(SD). It is responsible for distribution to all slots: the common 
250 MHz clock, the accepted trigger signal, synchronization 
pulses. It is also capable of collecting status signals from all 
front-end boards indicating errors or buffer full conditions. 

A. Global Trigger Crate 
The Sub-System and Global Level processing for the L1 

trigger design is implemented within a single VXS crate (The 
Global Trigger Crate). The architecture includes two 
additional board designs. Functional block diagrams for these 
boards are shown in Fig. 4.  
 

 

 
Fig.  4 Sub-System Processor (SSP) and Global Trigger Processor (GTP) 
functional block diagrams are shown. Both boards reside in the global trigger 
crate. 
 

The first board is the Sub-System Processor (SSP). It 
resides in a payload slot and is responsible for collecting 
external serial inputs from up to eight separate CTP modules 
(via multi-fiber cable). For the GlueX experiment up to eight 

separate SSP modules will be necessary to collect all trigger 
data from front-end VXS crates. Both calorimeter sub-systems 
will require two SSPs to aggregate the data. All other detector 
systems will need only single SSPs. All SSPs are identical in 
hardware design, however individual SSPs can be loaded via 
VME at runtime with firmware that is specific to the different 
detector systems they are responsible for. Each SSP is capable 
of an independent trigger decision but can also pass its data to 
both switch slots (A&B) via a bound four-lane serial link on 
VXS P0 (total bandwidth 1GB/s).  

The second board is the Global Trigger Processor (GTP). It 
resides in either switch slot or in both if additional processing 
is required. It is responsible for collecting all sub-system data 
and computing the final trigger decisions. Its behavior is 
similar to a two-stage event-building switch. The first stage 
decodes serial data from up to eight inputs (the SSPs) and 
aligns the data with respect to timestamps and programmable 
delays. It then distributes this data to four separate FPGAs. 
Each FPGA in the second stage is responsible for calculating 
up to eight separate triggers. All processing is driven by the 
250 MHz common clock. The 32 independent triggers are 
mux’d and output on a ribbon differential twisted pair cable 
every 4ns. This serves as the input to the Trigger Distribution 
System. 

B. Trigger/Clock Distribution 
The Trigger Distribution System is the link between the 

trigger system and the data acquisition system. It is the central 
control point for managing multiple sources of triggers 
(physics and calibration). It must prescale and distribute 
trigger information to the front-end with a fixed but 
programmable latency, and it must collect and monitor all 
status and error information returning from the crates in order 
to manage the pipeline. Finally, it is the source and 
synchronization point for the master 250 MHz clock. 

The trigger distribution crate will utilize a VXS backplane 
as well. In this crate there are three types of custom boards. In 
VME payload port 18 the Trigger Supervisor (TS) resides. It is 
responsible for accepting the 32 bit GTP output as well as any 
additional asynchronous triggers. Inputs are subject to 
prescaling and a coincidence window before being latched. All 
accepted inputs are synchronized to the 250 MHz clock. A 
User programmable lookup table establishes a 16 bit primary 
trigger “strobe” word to be distributed to the front-end crates 
with fixed latency. Optional secondary words can be generated 
that include additional information but are not prompt. The 
accepted trigger data, the 250 MHz clock and a clock 
synchronization signal (CLKSYNC) are serialized, encoded 
and bonded and sent via three lanes on the VXS backplane to 
switch-slot B. 

An SD card in slot B fans-out the TS data to each of 16 
payload ports in the crate. Each payload port holds a custom 
board called the Trigger Distribution Module (TD). The TD 
has eight HFBR-7934 multi-fiber transceivers that can 
distribute the TS data to the crates. With a total of sixteen TD 
modules in the trigger distribution crate the system has the 
ability to support up to 128 total front-end crates. This is 
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