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Detector signals

= Coaxial HPGe
= Energy resolution ~0.14% at 1333 keV
= Rise-time ~50 ns

= Inorganic scintillators + PMT

= Energy resolution ~3—7%
= Rise time ~ 10 ns

= Organic scintillators + PMT

= Fast risetime, <10ns
= Pulse-shape discrimination



Digital Spectrometer Applications

= HPGe

= Energy resolution
= Segmented, strip detectors
= Multiple-site analysis
= Fast scintillators
= High throughput
= Low trigger threshold

= Pulse-shape analysis
= Flexible coincidence schemes



Digital Spectrometer Applications

= Pulse-height analysis

= Slow filter: spectroscopy
= Pulse-shape analysis

= Timing measurements

= Fast filter for trigger
= Waveform capture

= Multiple channels

= Event hit pattern
= Trigger distribution

= Custom firmware



Digital Spectrometer Applications

Compact clover readout system with single Pixie-4
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P500 prototype

- Pixie-4 (75 MSPS, 14-bit ADC) —
P500 (250 MSPS and 500 MSPS, 12-bit ADC)

= ADC to FPGA data flow
= Performance tests



Energy Resolution
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Pixie-500 Express

= Architecture changes

= Firmware development
= Host communication

= User code



Pixie-500 Express

= Gain and Offset adjust
“" - ADC clock control

5 e = . 500 MSPS, 12-bit
= . |[kf ADC

= ADC: 12 LVDS lines at
500 MHz

= FPGA: 125 MHz




Pixie-500 Express

= Virtex-4

@ . - De-serialize ADC
= .« " sStream

Be | = Trigger filter
 ‘, " & = Energy filter
{ = Pile-up inspector
~ - Hit pattern, coincidence




Pixie-500 Express

- = From 75 MHz, 16-bit
. (% fixed point to

300 MHz ,32-Dhit
floating point DSP

B | ¢ BB . Advanced pulse
4 analysis algorithms

asm




Pixie-500 Express

= PCI-Express, 4-lane | .

bridge GN4124 .

- 1/O: '" & 1

= From 132 MB/s
(reality: 80 MB/s)

= To 250 MB/s (1 lane)

(measured 117 MB/s, 1
lane, at half clock rate)

= X4 with all lanes
= PCle v.3: 1000 MB/s




Pulse Shape Analysis
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LaBrslnTOF
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= Coincidence with
machine trigger

= Energy/Time-stamp
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LaBr InTOF
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User Interface

= Ul

= C-library API
= Boot
= Settings
= Run control
= Data readout

= |gorPro
= ROOT

= Custom FPGA firmware
= Custom DSP code (C, asm)



User Interface

ieROOTViewer (demo version)
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= Implemented high-speed ADC and FPGA
communication

= ADC options
= 12-bit 500 MSPS, 14-bit 400 MSPS...

= Work resulted in other products: Pixie-16 with
12, 14, 16-bit, 250-500 MSPS

= Advanced Firmware development
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