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Gammasphere Limitations and Liabilities
 Count Rate Limitations
Processing time for Ge shaper is ~10sec which gives ~6% pileup at 10,000 cps, 20% pileup @ 30,000 cps and ~30% pileup @ 50,000 cps.
Solution – reduce Ge shaping time allows higher rates. 

 Trigger Limitations
Gammasphere DAQ is dead for at least ~ 25sec for triggered events (no pipelining).
Single and 2-fold Ge triggers saturate Gammasphere rate capability.
Solution – flexible trigger incorporating triggerless option.

 Aging Electronics
Gammasphere VXI electronics was developed and built nearly 20 years ago (GS commissioning in 1995).
Component failure without replacement is big concern.
Solution – replace VXI electronics before system is compromised.
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DGS Hardware Components
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Digitizer Module (LBNL)
	10 Channel
	14 Bit, 100 MHz
	Energy
	Leading Edge Timing
	Constant Fraction Timing
	Pulse Shape
	44 digitizers

Trigger Timing and Control Module (ANL)
	1 Master, 1 Router/8 Digitizers
	Sync All Clocks
	Fast Multiplicty Triggers < 300ns
	Slow triggers ~ 2msec
	Multiplicty
	Energy
	1 Master/ 3 Routers
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Configuration of Digitizers
Digitizers 1,3: Ch 0-4, BGO Sum Energy
	          Ch 5-9, Ge central contact Digitizers 2,4: Ch 0-4, Ge Side Channel
                       : Ch 5-9, BGO Hit/Multiplex
Fast Trigger provides following possibilities:
	Clean Ge Multiplicity or
	All Ge Multiplicity or
	Modular Multiplicity 

}
}





IOC       1    2    3   4

This configuration instruments 10 GS modules









VXI boards will be replaced by custom boards which provide:

	 Differentiated Ge signal
	 BGO Sum energy
	 BGO Side Channel
	 Digital Hit Pattern (BGO seg. energies)
	 Slow control of slope box (Ge and BGO HV)

Hit      1      2       3      4      5       6     7



MγRIAD (GITMO-VXI)
	A generic interface between the SERDES link, VME and ECL/NIM

Large number of ECL I/O
Good number of NIM I/O with fast receivers
Works in any VME crate (standard or VME64)
Sufficient FPGA for general gating logic
Large FIFO allowing buffering of auxiliary detector data
Capable of acting as FERA data receiver if needed
Possibility to integrate a TDC-in-FPGA for measurement of system clock phase relative to accelerator beam pickoff or RF clock
Opens up chance to do sub-sample timing adjustments

	CHICO usage @ Gammasphere in 2013

Receive timestamp from Master Trigger via SERDES
Latch timestamps when CHICO triggers
Provide gating logic as necessary with other NIM or ECL signals (e.g. Gammasphere fast multiplicity)
Add MγRIAD to CHICO readout so that CHICO events have matching timestamps for offline event merging
Send CHICO trigger signals to Master Trigger of Digital Gammasphere for monitoring

	Generic interface to auxiliary detectors for both Gammasphere and GRETINA





*
Digital Gammasphere
Phase I (Complete)
Digitize Ge central contact and BGO summed signal.
Allow Digital Gammasphere to be triggered by Gammasphere – parallel data path.
Use current VXI electronics for slow control. 

Phase II (Complete)
New firmware for both digitizer and trigger modules
Upgrade EPICS drivers and DAQ to account for new firmware
First test experiments end of September (Gammasphere + FMA).
Upgrades to firmware are ongoing.

Phase III (In-Progress)
Replace current VXI electronics with custom VME modules for both signal redistribution and slow control.
Add BGO hit-pattern and side channel to data stream. 
Incorporate slave digitizers (BGO hit pattern and side channel)
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Pickoff Boards (Phil Wilt)

	Differentiates transistor reset preamp signal from Gammasphere preamp – output looks like resistive preamp signal.
	Differentiation turned off during pulse reset.
	Differentiated Ge signal, BGO Sum signal and Ge Side Channel are outputted via the 15 pin connector.
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Phase II – completely new firmware
ANL Firmware
Implemented
	New Energy filter to optimize energies at short shaping times.
	Decouple LED from energy filter flattop parameter
	Write in zero-suppress mode when triggering using TTCS.
	Extended trace mode for pileup events.
	New trigger algorithms for Ge-clean multiplicity, module multiplicity and any multiplicity.
	Constant Fraction Discriminator build.
	Option to write trace when pileup occurs.

	Coming Soon
	Incorporate slave digitizers.
	Selective readout of channels.
	Digital TDC to measure time between rf and trigger (Tac2).




Data Readout and Sorting

	Each IOC has a receiver attached to it which writes triggered data to a file on disk.
	A separate file is generated for each digitizer.
	Realtime event builder has not been developed.
	Using GTMerge, all files from run are merged together and sorted according to timestamps. 
	Events can be constructed and data sorted using GEBSORT.
	GEBSORT is a ROOT based sorting package which can sort data taken with various DAQ systems – DGS, GRETINA, DFMA, CHICO.
	GEBSORT and GEBMERGE developed by T. Lauritsen.

*



Analog vs Digitial Comparison
	In recent in-beam test, 40,000 event/sec were written to disk with a trigger condition of Geclean of 3 and greater. 

~220,000 Ge/sec
~210,000 BGO/sec
*
Red is DGS and Blue is GS – 
Analog vs Digital Energy Resolution
	152Eu Line	Analog GS	Digital GS
	121.783	1.63	1.43
	244.692	1.72	1.53
	344.276	1.80	1.58
	443.976	1.89	1.69
	778.903	2.11	1.90
	867.388	2.12	1.91
	964.131	2.27	2.05
	1085.869	2.43	2.18
	1089.700	2.43	2.18
	1112.116	2.47	2.22
	1408.011	2.66	2.42
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Extended Physics Reach with DGS
Selective External Triggers (e.g. FMA) – 100Sn region, Z>100
DGS will allow one to increase rate in Ge detectors from ~10/sec to ~50k/sec (factor 5 increase)

High Multiplicity trigger – Ultra-high spin, Hyperdeformation search
DGS will allow increases in high-fold readout rate by factor 3-5 allowing for multiplicity conditions on high-fold event to be set higher giving higher resolving power in searching for exotic modes at high-spin. 

Low Multiplicity trigger (inbeam)–Deep inelastic, Coulomb Excitation
DGS will allow increases in readout rate 3-10 times depending on reaction and multiplicity setting.

Low Multiplicity trigger (decay)– Decay of stopped CARIBU beams.
DGS will allow lossless Ge clean singles rate at up to 10kcps/crystal.  Current lossless rate is ~400cps/crystal.

Extended ATLAS reach – More approved experiments/year.
GS experiments can be performed >3 times faster.
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CHICO-II/CARIBU/DGS
	Angular coverage:
	12o ≤ θ ≤ 85o, 95o ≤ θ ≤ 168o;      280o in φ
	Angular resolution:
	Δθ = 1o,  Δφ = 1.4o
	Solid angle:
	~69% of 4π
	Energy-loss output:		        	
	Improved time, mass and Z resolution
	Time resolution:
	Δt ≤ 500ps
	Mass resolution for kinematic coincidence:
	Δm/m ≤ 5%
	Q-value resolution:
	≤ 20 MeV
	Gammasphere γ-ray Doppler broadening:
	0.8%*
	GRETINA γ-ray Doppler broadening:
	0.2%*

	*  Ignores contribution due to intrinsic resolution etc.
Coulomb Excitation of 144Ba on 208Pb
208Pb: 1mg/cm2
180Hf
144Ba/Nd
72Ge
144Ba: 2+
144Ba: 4+
144Ba: 6+
144Nd: 2+
144Nd: 4+



*
Other Digital Initiatives:
 Full instrumentation of the FMA focal plane (D. Seweryniak)
	160x160 DSSD
	PPAC
	X-Array

Compton-Suppressed Clover Array (Clover Share)
	200 channels of digital electronics + trigger (new)
	Support structure to hold 16 Compton Suppressed Clovers (yale)

General purpose digital DAQ for ATLAS experimental stations
	80 channels of digital electronics + trigger

X-Array at CARIBU
	40 channels of digital electronics + trigger
	HELIOS
	~200 channels of digital electronics + trigger
	Staged implementation
	Final decision soon.
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Digital Gammasphere 5 and 10 year Outlook
	Digital Gammasphere plays important role in energy/intensity upgrade of ATLAS.
	Digital Gammasphere and GRETINA  are complementary devices
	GRETINA exceeds DGS 

Doppler Reconstruction (Fast Beams)
Polarization
	DGS exceeds GRETINA

Raw Data throughput
4p coverage
	GRETINA and DGS will complement each other over the next 5 years.
	In 5-10 year period as GRETINA becomes GRETA, the niche DGS fills will shrink, but it should remain a productive and powerful device.
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Electronics 



Trigger Timing & Control module (ANL) 
Fast trigger (<300 nsec) 
Trigger conditions: 
  Multiplicity  
  Sum energy 
  Hit pattern 



Digitizer module (LBNL) 
14bit, 100 MHz 
Energy 
Leading edge time 
Constant fraction time 
Pulse shape 



All modules produced 
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