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Outline
 What must Panda Online Computing achieve?

 Data rates for DAQ

 Data rates for Offline Computing

 The Compute Node (ATCA based FPGA platform)

 Algorithms (Track Finder, Ring Finder)

 Experiences for Online Computing: 
The STAR Level-3 Trigger

 A new approach: 
Graphics Adapters as Coprocessors

Outline
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Panda

pp andpA, fixed target, pbeam· 15 GeV/c

TPC (Time Projection Chamber), R=15-41 cm, 135 padrows, 135,169 pads of 2x2 mm2

STT (Straw Tube Tracker), 4100 tubes, 15 double layers, R=1 cm, L=1,5 m, axial or skewed 

DRC, 16 quartz (n=1.47) Bars

d=1.7 cm, R=48 cm

MVD

107 pixels 

100x100 m2

7·104 strips
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What would we need for online DIRC reconstruction?

e 
  K 

protons

10000 events, DPM, pbeam=6 GeV/c

anti-protons

DRC

Ptrack

c = f(Rring,zhit)

zhit is extrapolated hit

position of track into DIRC

We need:

online ring finder
! example from Hades

online track finder and track fitter

! example from Panda MC

online track extrapolation to DIRC

! example from STAR

zhit
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Panda DAQ

 · 3·107 events per 1 s

 Event size 4-20 kB

 No hardware triggers

 Digitization 
on frontend

 All raw data are 
streamed to DAQ

 Data reduction
with 3 levels

of Compute Nodes (CN)

 Requires intelligent 
reduction algorithms
in VHDL on FPGAs
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Bandwidth Requirement
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' 400 authors

(Document on Offline Computing, to be submitted soon)
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The Panda Computing Model:
Panda Offline Computing Requirements

 Rate to tape: 25 kHz
x 175 days = 3.78 1011 events on tape per 1 year

 4 kB for micro-DSTs
= 1,512,000 Gbyte (¸ 1 PetaByte)
' 378,000 DVD´s per year

 Estimate for 1st year of Panda data taking

 incl. MC, raw data, hit data etc. 
! 11.5 PetaByte per year 

 ' 2000 quad core CPUs 

for reconstruction, analysis and MC production

 ' 3.7 Mill. Euro for CPU´s and disk storage

(only in the 1st year)



Summary

Panda Online Computing 
must perform full reconstruction 

to achieve a data reduction factor:

3 · 107 events/s raw data

factor ' 1200

25 · 103 events/s to tape
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Why does Panda have no hardware L1 trigger?

 Background Events have very similar signature to signal events

 signal example: charmonium,pp !cc (X)

 background:pp !uu,dd,ss (X)

 there are no simple L1 trigger criteria
(e.g. Ntrack) 
to distinguish signal and background

 we have to calculate invariant mass online
on the Compute Nodes 
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An Example for Panda Physics: X(3872)

Expected Yield: ·BR ' 250 pb, N~200 events per day

2-Particle Invariant Mass / GeV 4-Particle Invariant Mass / GeV

J/

X(3872)
N=1000
~5 days

4-Particle Invariant Mass / GeV

Background: Dual Parton Model, 
ppbar=6.991 GeV/c, 
N=104 Events

2-Particle Invariant Mass / GeV



The Compute Nodes

(ATCA based FPGA Platform)
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Compute Node (CN) Concept

 5 x VIRTEX4 FX-60 FPGAs

 each FPGA has 2 x 300 MHz PowerPC

 Linux 2.6.27 (open source version)

 algorithm programming in VHDL 
(XILINX ISE 10.1)

 ATCA (Advanced Telecommunications Computing Architecture) 
with full mesh backplane
point-to-point connections on backplane 
from each CN to each other CN, 
i.e. no bus arbitration

 8 optical links 
(connected to RocketIO at FPGA)
· 6.5 Gbits/s

 5 x Gigabit Ethernet

 ATCA management (IPMI) 
by add-on card
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Compute Node (CN) Version 1.0
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ATCA Shelf
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„Level 1“

„Level 2“

„Level 3“

Total Panda raw data

30 MHz x 14 kByte

= 420 Gbyte/s

Input to 1 ATCA:

14 CN x 8 optical links

= 91 Gbyte/s

Output of 1 ATCA:

14 CN x 5 GB Ethernet

= 2.6 GByte/s

factor 35 reduction

required

No hardware

triggers

All raw data 

streamed

/35

/35

Compute Nodes



Algorithms for the Compute Nodes

(FPGA Programming in VHDL)
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Algorithms for the Compute Node
Panda Track Finder and Track Fitter for FPGA

 STT (Straw Tube Tracker) + 

MVD (Micro Vertex Detector)

helix, 30+(5-7) hits per 1 track

 Field Bz=2 T

(TOSCA Field Maps)

 Step #1: Conformal Map

 Step #2: Hough Transform

 Example: 

10 § Tracks p=1 GeV/c

David Münchow, Giessen

Example X(3872) ! J/ + –

TPC digitization, MVD digitization

digitized XYZ coordinates / cm

approach:

helix track

parametrization

STT+MVD
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Development of FPGA Track Finder for Panda STT and MVD

Step #1: Conformal Map

real space conformal space

inverse

space
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Development of 
FPGA Track Finder for Panda STT and MVD
Step #2: Hough Transform
(work ongoing)

 fix point arithmetics
(instead of floating point)

 24 bit 
(in division and multiplication 48 bit)

 Hough space 512×512

 lookup table for sinus(): 128 x 16 bit

  sincosyxr 
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Development of 
FPGA Track Finder for Panda STT and MVD
Step #2: Hough Transform
(work ongoing)

Preliminary result
from algorithm emulation 
for 10 § tracks, p=1 GeV/c
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HADES RICH Ring Finder
Algorithm Development
incl. FPGA implementation
(work ongoing)

Johannes Roskoss, Giessen

Ring Finder

Track Finder
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incl. track extrapolation

match ring to drift chamber track

(i.e. straight line approximation, 

· 12 wires per track)

HADES RICH Ring Finder
Algorithm Development
incl. FPGA implementation
(work ongoing)

Johannes Roskoss, Giessen

55,296 pads

of different shapes

13x13 pad search region

inner and outer veto rings
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 Ming Liu – HADES track finder

 straight line, ·12 wires per track

 compare speed to C program 
running on Xeon 2.4 GHz 
(as software reference)

 different wire multiplicities 
Nwire=10, 30, 50, 200, 400 
fired wires of 2110

 speedup of 10.8 – 24.3 
(compared to reference)

 Shuo Yang – HADES event selector

 read HADES binary events 
from DDR2 memory

 decode, issue accept/reject,
discard or write back to DDR2

 achieved ' 100 MB/s for 32 kB fifo 
and DMA size 
(for 100% event accept)   

Additional Compute Node Algorithm Development
all incl. FPGA implementation (work finished)
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Quality of Panda online track finding?
X(3872)! J/ + – Events in Panda MVD+TPC, Fake Tracks

Beampipe
Interaction

XYZ coordinates / cm XYZ coordinates / cm

XYZ coordinates / cm

Background Tracks

from material

Simulations with 

PandaRoot 2.0
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Quality of Panda online ring recognition?
Ring Patterns with Background
Example: implementation of a lens system

Lens shape

calculated

by external

optics program

Kaon, p=0.6 GeV/c

No Lens Lens

noise hits
induced
by lens(?)

Simulations with 

PandaRoot 2.0

C. Schwarz, A. Cecchi



Online Computing at STAR

Level-3 Trigger for the STAR TPC
(1999-2004)

Realtime Track Finder and Track Fitter (t·120 ms) 

using Conformal Map
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1st RHIC Collisions, July 2000
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ZDC

Barrel EMC

Endcap EMC

Magnet 
B= 0.5 T

ZDC

FTPCs

Vertex Position 
Scintillators (TOF)

Trigger Barrel
(TOF)

Time 
Projection 
Chamber

Silicon 
Vertex 
Tracker

RICH

2 m

4 m

The STAR Experiment

24 sectors x 5692 rf pads x 350 t
bins
= 47,812,800 pixels

y1
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STAR Level-3 Trigger System

 realtime full event reconstruction 
(dE/dx, invariant mass)

 TPC cluster finder 
on 432 Intel i960 (VxWorks)

 TPC track finder
on 48 ALPHA DS-10 (Linux)

 t120 ms
per 1 central Au+Au
NTrack=4,500
NCluster=130,000

 MYRINET
DMA
'74 Mbytes/s
latency ·50  s

 Programming in
C/C++ and partially
assembler for sqrt()  

 trigger rare events:
 high-pT anti-protons
 Upsilon ! e+e–

 Anti-3He/4He
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STAR Level-3 Trigger System
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The STAR Level-3 Trigger System
University of Frankfurt, 1999-2004
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Au+Au collision at s=200 GeV
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?
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The STAR RICH Detector (1999-2001)

 Area 1 m2

 C6 F14 Liquid Radiator

 CsI Photo Cathode (d=0.3 m)

 MWPC, 15,360 pads, 8.0x8.4 mm2

 K/ identification for p<3 GeV/c

proton/anti-proton indentification 

for p<5 GeV/c

 required Level-3 Trigger 

track extrapolation

for high pT tracks (pT>3 GeV/c)

because of small acceptance
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p=1.599 GeV/c

Kaon

Extrapolated L3 track
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Laser Events for TPC Drift Velocity Measurement
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Laser Events for TPC Drift Velocity Measurement

requires straight line tracking

and segfault handling at Level-3

curvature radius is 1
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Beam pipe interaction at z=–4 m.

Gap at z=0 is visible, because triggered for different beam bunch crossing 

TPC Gap Events, Example #1
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Gap @ z=0 due to vdrift change
i.e. weather change (atmospheric pressure p=1004 ! p=1018 mbar)

TPC Gap Events, Example #2
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pile-up event 
high multiplicity event + peripheral collision event (t ' 5 s earlier) 

TPC Gap Events, Example #3



Panda Online Computing, Sören Lange, Fast Čerenkov Workshop, Giessen, 05/13/2009 47

Ultra-Peripheral Au+Au Collision

1st event 08.24.2000

Au + Au -> Au* + Au* + o

Level-3 Trigger 
on 0 ! + –

invariant mass
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More Detectors used in Level-3 Reconstruction: 
Forward TPC and Silicon Drift Detector (2003)
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More Detectors used in L3 Reconstruction:
Electromagnetic Calorimeter (2004)

All Calorimeter ADC values

send to Level-3 Trigger

matching with extrapolated

Level-3 tracks implemented

pp, s=200 GeV

2-jet event
all tracks pT>1 GeV/c
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Upsilon->l+l-
candidates

Run 2241022 
Event #4699
m=10.21 GeV

Run 2243027 
Event #1645
m=9.68 GeV

Run 2244029 
Event#1570 
m=9.25 GeV

+ - candidate

Run 2244032 Event #3420
m=9.38 GeV

dE/dx<1.4e-5  keV/cm
PPID(lepton)<3%

Drell-Yan 
candidate

Run 2252020 Event #8718
m=10.02 GeV

DF  = 78o
Au+Au

sNN=200 GeV

Upsilon(1s,2s,3s)e+e– candidates with the Level-3 Trigger
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Example for Panda (PandaRoot framework) Event Display
X(3872)! J/ + – Event



A new approach:
GPU´s

(Graphics Processing Units
for Co-Processing of Track Fitting)
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GPU Test Bench for Panda: Hardware

 Nvidia C1060 Graphics Adapter

 # of cores: 240

 frequency 1.3GHz

 performance (peak): 
single precision floating point 
933 GFLOPS
double precision floating point 
78   GFLOPS

 PandaRoot 2.0 Framework

 Conformal Map Track Fitter

 Programming:
CUDA
Compute Unified Device Architecture

for loading code to the GPU

M. Al-Turany,

F. Uhlig,

R. Karabowicz

(GSI) 
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Example for CUDA Code: Matrix Multiplication
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GPU Test for Panda: Software

 PandaRoot 2.0 Framework: MVD, TPC, EMC, MDT detectors

 p=1 GeV/c s

 50 events for each sample

 4 samples 
Ntrack=50, 100, 1000, 2000 
primary tracks per event

 ideal track finder 
(copy GEANT tracks 
to the track candidates objects)

M. Al-Turany,

F. Uhlig,

R. Karabowicz

(GSI) 

hit data of track candidates

are written to shared memory 

in 32 parallel threads
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Track Fitting on CPU and GPU

50 100 1000 2000

GPU (Emu) 6.0 15.0 180 370

CPU 3.0 5.0 120 220

GPU (D) 1.2 1.5 3.2 5.0

GPU (F) 1.0 1.2 1.8 3.2

ms

speed-up factor ' 68
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Where can we train for the Panda Online Computing?

 Belle II DEPFET Pixel Detector
(MPI Munich, Göttingen, Giessen,
Bonn, Heidelberg, Karlsruhe) 

 readout system:
1 ATCA Crate with 14 Compute Nodes 

 raw data rate
' 27 Gbytes/s

= 7 DVD‘s per 1 s
' 1/20 of Panda raw data rate

nice testing ground

 online track finder
4 SVD hits + 2 pixel hits

 data reduction
factor 10-100 
required

Belle II
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Summary

3 · 107 events/s raw data

25 · 103 events/s to tape

 Requires high bandwidth and high speed computing 
! Compute Nodes with ATCA and Virtex-4 FPGA´s

 Online Computing is also required for  
event display, calibration (e.g. TPC drift velocity), 
monitoring of detector stability (e.g. temperature)
bunch timing, background conditions, pile-up events
etc. etc.

 GPU´s under testing (maybe for Level-4)

 Lots of work, but also lots of fun ahead of us …

Panda Online Computing


