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=  What must Panda Online Computing achieve?
Outline = 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

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009




pp and pA, fixed target, p,..< 15 GeV/c

DRC, 16 quartz (n=1.47) Bars

d=1.7cm, R=48 cm Pa nda

107 pixels
100x100 pm?
7-10% strips

B

TPC (Time Projection Chamber), R=15-41 cm, 135 padrows, 135,169 pads of 2x2 mm?
STT (Straw Tube Tracker), 4100 tubes, 15 double layers, R=1 cm, L=1,5 m, axial or skewed
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What would we need for online DIRC reconstruction?

I:)track
9. = f(Rying:Znit)

Z,i: 1S extrapolated hit
position of track into DIRC

10000 events, DPM, py..n=6 GeV/c

T e g o We need:
< 40 i€ e
g30CF o Ko o ® L
S 205 " -.-# protons , onlinering finder
" 10 T DRC — example from Hades
133 _ * online track finder and track fitter
poE anti-protons | v — example from Panda MC
B0E% : s onlinetrack extrapolation to DIRC
40 A .
e R P — example from STAR
50 0
0 0.5 1 1.5 2 2.5 3

Momentum [GeV/c]
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Panda DAQ .Si:ﬁibution
Frontend
= <3'107eventsperls  Burs -
= Event size 4-20 kB
= No hardware triggers e
= Digitization
on frontend Foaturo
= All raw data are
streamed to DAQ
= Data reduction /
with 3 levels
of Compute Nodes (CN)
= Requires intelligent L2 Network
reduction algorithms Event

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop,

in VHDL on FPGAs
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Bandwidth Requirement

Reaction Rate (Hz)

High Reagtion Rate
Hfgh Dagta Rate
(200 B/5)

High Level-1
~ f (1 MHZ)

rigger High MNeo. Channels
| High Bandwidth
(500 Gbit/s)

10°B/s;
1 billion pecple e
High Data Archive
i (PetaByte)
S

10° 107
Event Size (bytes)

CDh-Audio:176KB/s =
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(Document on Offline Computing, to be submitted soon)

The Computing Model of

PANDA

(AntiProton Annihilations at Darmstadt)

PANDA Collaboration
~ 400 authors

The PANDA experiment at the future facility, FAIR, will extensively study the strong interaction by
providing precision data to test the theory of Quantum Chromodynamics. Intense beams of anti-protons
together with a multi-purpose and compact detection system will be the basis for these experiments.

ogether with com-

The PANDA experiment is challenged with the production ?1I PBytes of data per year,
puting intense operations to carry out the data analysis. T

|l the requirements

of being extremely reliable together with an optimum precision. The data and the planned computing

environment need to be accessible for a large research community, even beyond the PA
itself.

MDA collaboration

This document presents the first version of a computing model for PANDA. It describes a preliminary
scheme of the data processing, a first estimate on the capacity requirements (CPU, storage, and network),
our plans for distributed computing, and an overview of the requirements for software and its development.
Furthermore, this document summarizes the wishes and requirements for a high-end data analysis scheme,

which study was made prior to this more complete document.
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The Panda Computing Model:
Panda Offline Computing Requirements

= Rate to tape: 25 kHz
X 175 days = 3.78 101! 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 15t 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 15t year)
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Summary

Panda 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



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 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)

|  2_Particle Invariant Mass { GeV | nvmass |  4-Particle Invariant Mass { GeV & invmass4
Entries 140104 Entries 873
Mean 1.794 Mean 3.791
RMS  0.7597 100 |— RMS  0.1494

1200

£ X(3872)

1000

800 E 60 E— N=1000
600 E a0 X ~5 days
20{1; 20:_
0 0 -:’4_'.'6' B R B v SN S S v Y
2-Particle Invariant Mass / GeV 4-Particle Invariant Mass / GeV

.

[__2-Particle Invariant Mass / GeV__|

ass
231322

ean 1.608
RMS 0.5885

invi
Entries

1200
1000

800 |-

Background: Dual Parton Model,
Ppbar=6-991 GeV/c,
N=10% Events

600

400

T 15 2z 25 3 35 4

2-Particle Invariant Mass / GeV
Expected Yield: 6-BR ~ 250 pb, N~200 events per day
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The Compute Nodes
(ATCA based FPGA Platform)



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 §' - 1 _

from each CN to each other CN, = =l 1

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

DDR2 SDRAM

Power supply

....
........

—TT

!

{111 11 TS 1]

Connectors for IPMC c :
add-on card Optical links G'gabitEthemnel, & . ART
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No hardware
triggers

All raw data
streamed

Level 1°
Level 2°

Level 3°

Time Clock

LITDITTTTETT LT

‘Generic Frontend
Serial Frontend- Links

RRRRRRERRRRN

Compute Nodes \\\ *

L2 Networ <

Event
Selection

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 GBytels

factor 35 reduction
required
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Algorithms for the Compute Nodes
(FPGA Programming in VHDL)



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

= FieldB,=2T

digitized XYZ coordinates / cm

(TOSCA Field Maps) R .
= Step #1: Conformal Map :2: N, "
= Step #2: Hough Transform jg: N
= Example: 0 —
10 p* Tracks p=1 GeV/c 10: .
ke
-40—;
S ETEFTTTETER

approach:
helix track

parametrization Example X(3872) — 3/y n* n~

TPC digitization, MVD digitization

David Minchow, Giessen
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Development of FPGA Track Finder for Panda STT and MVD
Step #1: Conformal Map

X =220
2
real space r conformal space
yr _ y_yo
r2
2 __
r* =(x—) Hy—Yo)
| Real Space | Conformal Space |
x0.6 Inverse
X [em]L L 7
40 i ' space
302_ | - ) : |
- 0.2—
10E" o I -
: SR o AR
-10;— L o .
28 0.2
30b [
- : -0.4F
-40__|I|II\III|IIII‘IIII‘IIIIIIII\IIIIIIII 7l||l|IllIllllll|||IIIIJIIllllllllllllllllllll
30 -20 -10 0 10 20 30 40 -04 03 0.2 01 0 01 0.2 03 04
y [cm] ¥
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Development of
FPGA Track Finder for Panda STT and MVD
Step #2: Hough Transform

(work ongoing) ' P>C G5 W

= fix point arithmetics
(instead of floating point)

= 24 bit
(in division and multiplication 48 bit)

= Hough space 512x512
» lookup table for sinus(): 128 x 16 bit ) theta
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Development of
FPGA Track Finder for Panda STT and MVD

Step #2: Hough Transform

(work ongoing) IV /)
|f i/
. i i/
Preliminary result S o
from algorithm emulation 5 ;"I ;o
for 10 u* tracks, p=1 GeV/c I
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HADES RICH Rlng Flnder X Hit in.MDC pruducgd by charged particle
Algorithm Development il e
incl. FPGA implementation

(work ongoing)

Shower
Tofino

. ’,
inner ",

7
MDC %,
e/

"'ﬁ

Track Finder
Ring Finder

Johannes Roskoss, Giessen
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HADES RICH Ring Finder
Algorithm Development
incl. FPGA implementation
(work ongoing)

55,296 pads
of different shapes

13x13 pad search region
Inner and outer veto rings

mounting frame

4712 pads per = connection to
readout electronics

radiator gas (C,F,,)
Csl photocathode

cathode wires

| RichRaw Colum vs Row

90

- 16¢
80—

C 144
70— - b

C —12(
60— o
50 1DI
40— " 3“

B MDC- 60

- ey |
10— 5x5

0F Y[ ] Hit, S
20 Search window g I

:|||||||||I||||||||||||
% 1020 30 40 50 60 70 80 90 ©

incl. track extrapolation

match ring to drift chamber track
(i.e. straight line approximation,
< 12 wires per track)

Johannes Roskoss, Giessen
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Additional Compute Node Algorithm Development
all incl. FPGA implementation (work ﬂnlshed)

= 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
N.....=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)

y4
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o/
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I\

)

Target

—— Event selection rate of 100%

150
135
120
105
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45
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15

-=- Event selection rate of 25%

Computing throughput (MBytes/s)

———
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P bt
-
-
-
-
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-
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-
-
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-
-
-
-
-
-
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DMA transfer and FIFO size

4k 8k 16k 32k
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Quality of Panda online track finding?
X(3872)— J/y n* = Events in Panda MVD+TPC, Fake Tracks

XYZ coordinates / cm XYZ coordinates / cm
50—
403 i 50
303 § 403 :
20 h 303 Pl /
103 ’ 20 i -~ e
0 103 o
-10_§ U—i \“" ___________ o
-20—% ST e e
] / 203 /
-30—. . B o - o0 008, o 0T - - :
-40—
3 -40—
i = : 50 J d é 1] 6 Il’IIIIIIIII ﬁ
50 40 30 20 10 & o 20 -do do -0 %0 40 30 -20 -f0 10 20 30 40 50

Background Tracks
from material

s

Beampipe
Interaction

Simulations with
PandaRoot 2.0

XYZ coordinates / cm
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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

Simulations with
PandaRoot 2.0

No Lens

| PndDrcPDPoint.fY:PndDrcPDPoint.1X |

gy
=]

w PndDrePDPoi

=]
o

I R P P P P PR P
500 550 600 G650 7v00 750 800 850 900
PndDrcPDPoint.fX

Lens

| PndDrcPDPoint.fY:PndDrcPDPoint.fX |

éﬂﬁ

(=3
=

PndDrcPRPoin
T Iol T T T T

=200
-400

800 _

TN N T N B
400 500 600

Kaon, p=0.6 GeV/c

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009

bl by |
700 800 900
PndDrcPDPoint.fX

26



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



INTERNATIOMAL JOURNAL OF HIGH-ENERGY PHYSICS

CERN
COURIER

VoLuME 40 NumMBER 8 OcCT0oBER 2000

RHIC ramps up its collision energy

ASTRONOMY CAREERS PROTONS IN JAPAN 1
Incrzased orecision brings new Studants working at CERN start High-dntensity source has .-
insights enc understanding p15 off on the right foot 520 multisle appl cations p23

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009

28



15t RHIC Collisions, July 2000
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S

bins
= 47,812,800 pixels

24 sectors x 5692 r$ pads x 350 ¢

=

ZDC

Endcap EMC

Barrel EMC

Magnet
B=x05T
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The STAR Experiment

Time
Projection
Chamber

FTPCs

ZDC

Vertex Position
Scintillators (TOF)

Trigger Barrel

(TOF)

Silicon
Vertex
Tracker
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Vol 1) N, 4 Relativistic Heavy lon Collider

Peolsz ol the Naclear Periphe

Researchers at Brookhaven
National Laboratory are
exploring a unique form of
matter, hotter and denser
/ than anything ever created
Journal of Physics G: 'Y i) 1 ) in a laboratory before —a
form of matter that may
have existed at the earliest

Aninternationally renowned joumal atthe interface between Nuclear,
Particle and Astroparti cs moments of our universe.

BROOKHEIUVEN

NATIONAL LABORATORY
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NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS
- RESEARCH

ELSEVIER Muclear Instruments and Methods in Physics Ressarch A 453 (2000) 397-404 Secton A

www.elseviernl/locate/nima

The STAR level-3 trigger system

J.S. Lange®™*, C. Adler®, J. Berger®, M. Demello”, D. Flier]®, J. Landgraf®,
M.J. LeVine®, A. Ljubicic Jr.%, J. Nelson?, D. Roehrich®, I.J. Schambach',
D. Schmischke®, M.W. Schulz®, R. Stock®, C. Struck”, P. Yepes"

“University of Franifurt, August-Euler-Stralie 6, D-60456 Frankfurt, Germany
Rice University, Houston, Texas 77251, USA
"Broakhaven National Laboratory, Upton, New York 11973, US4
Wiversity of Birmingham, Birmingham B15 2TT, United Kingdom
"University of Bergen, Allegaten 55, 5007 Bergen, Norway
TUniversity of Texas, Austin, Texas 78712, USA
EUniversity of Heidelberg, Philosaphenweg 12, 69120 Heidelberg, Germany

Accepted 20 June 2000

Absiract

The STAR level-3 trigger is a MYRINET interconnected ALPHA processor farm. performing online tracking of
N raer = 8000 particles (N < 45 per track) with a design input rate of R = 100 Hz. A large-scale prototype system was

parint
tested in 12/99 with laser and cosmic particle events. ) 2000 Published by Elsevier Science B.V. All rights reserved.
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STAR Level-3 Trigger System

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

TPC cluster finder
on 432 Intel 1960 (VxWorks)

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

t<120 ms

per 1 central Au+Au
NTrack=4l500
NCluster= 1301000

MYRINET
DMA

~74 Mbytes/s _ _
latency <50 u s . trlgg_er rare evgnts.

.. = high-p; anti-protons
Programming in . Upsilon — e*e-
C/C++ and partially . Anti-*He/He
assembler for sqrt()

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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STAR Level-3 Trigger System

glo1

| go3[f{ievp |

s5 [ i3 Level-3
| si33 H sl34 |
sl31 H sl32
siz2 | | ses [l siso |
= 3[27i _|5|zs]
.................. | sits_| [ ses [} ses |
[sits | [ses || ses |
[ s3]
r J@ I_—daqsw4
i [ bl e
tpc1? swvit01 ‘ svt03 fpdo1 ’ ‘ pmd01’
tof01 l ric01 tpcig i tpc21
tpct i ] tpc13 EVB | BB tpc23
GB TDI DAQ
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The STAR Level-3 Trigger System
University of Frankfurt, 1999-2004
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g
3
é
dE/dx offline
analysis
p (GeV/c)
L3 online analysis, positive primary particles
E 10:
S °F
i 8
» =
3 7
w -
h- 5;_5
dE/dx online st
analysis y:
3f
Pid in 200 ms with SE
L3 online analysis E
OE L L 1 1 I L L L L I 1 1 L 1 | L 1 1 1 I 1 L L L I 1 L 1 1
0 0.5 1 15 2 25 3
p [GeV/c]
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Au+Au collision at Ys=200 GeV

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009 37



(®))
o
o
AN
S~~~
™
—i
~~
LO
o
=
(b
%))
N
b
o
oL
@)
=
0
7
LS
m
>
@)
7
c
)
S
b
&
—
2]
@©
LL
b
(@)
c
@©
—]
=
(b
LS
0
0p)
o
(=
-
)
Q.
S
@)
O
b
=
=
@)
©
©
=
@©
ol




The STAR RICH Detector (1999-2001)

Area 1 m? freon radiator
: : : = /,égfgf;;?,é,%ﬁﬁ; quartz window
Cq F1, Liquid Radiator P — —

wire electrode

Csl Photo Cathode (d=0.3 um)
MWPC, 15,360 pads, 8.0x8.4 mm?

proximity gap

I wire cathode

K/m identification for p<3 GeV/c e — TS sense wires
proton/anti-proton indentification = S0
for p<5 GeV/c 4 mm \Csl film
required Leve|'3 Trigger charged particle ggg?&%cs

track extrapolation
for high p; tracks (p>3 GeV/c)
because of small acceptance
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pad= 113 row= 41 adc = 197

. "
.
i 0
' Extrapolated L3 track
! ¥
X //dj;“\
7 NN
O \ 4
i ¥
L « ©
p=1.599 GeV/c
100
o Kaon = I

Event: 1

fnetronline/evtp ool/current/0000011785run0001 183006 raw. dag
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TPC Gap Events, Example #1

Beam pipe interaction at z=—4 m.
Gap at z=0 is visible, because triggered for different beam bunch crossing

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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TPC Gap Events, Example #2

Gap @ z=0due to vy change
l.e. weather change (atmospheric pressure p=1004 — p=1018 mbar)

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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TPC Gap Events, Example #3

pile-up event
high multiplicity event + peripheral collision event (t ~ 5 us earlier)

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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Ultra-Peripheral Au+Au Collision

Au + Au -> Au* + Au* + p°

Level-3 Trigger
on pY — n*t -
Invariant mass

1st event 08.24.2000
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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, Vs=200 GeV
2-jet event
all tracks pr>1 GeV/c

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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Upsilon(1s,2s,3s)—e*e™ candidates with the Level-3 Trigger

Upsilon->1+I1-
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

nt ©~ candidate

Run 2244032 Event #3420

m=9.38 GeV
Drell-Y
dE/dx<1.4e-5 keV/cm o didate
Ppip(lepton)<3%
Run 2252020 Event #8718
m=10.02 GeV
Au+Au
AD = 78°
\Vs\y=200 GeV

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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Example for Panda (PandaRoot framework) Event Display
X(3872)— J/y n* n~ Event

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009
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A new approach:
GPU's
(Graphics Processing Units
for Co-Processing of Track Fitting)



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

Panda Online Computing, Séren Lange, Fast Cerenkov Workshop, Giessen, 05/13/2009

M. Al-Turany,
F. Uhlig,
R. Karabowicz -
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Example for CUDA Code: Matrix Multiplication

// Loop over all the sub-matrices of A and B required to
// compute the block sub-matrix

for (int = aBegin, b = bBegin;

= aFEnd;

+= aStep, b += bStep) {

oW
i

// Shared memory for the sub-matrix of &
__shared float As[BLOCK SIZE] [BLOCK SIZE]:

// Shared memory for the sub-matrix of B
__shared__ float BS[BLOCK_SIZE][BLOCK_SIZE];

// Load the matrices from global memory to shared memory;
// each thread loads one element of sach matrix

Es[ty] [tx] = AR[a + w&RA * ty + tx];

Bs[tyl[tx] = B[b + wB * ty + tx];

// Synchronize to make sure the matrices are loaded
syncthreads () ;

// Multiply the two matrices together;

// each thread computes one s£lement

// of the block sub-matrix

for (int k = 0; k < BLOCK SIZE; ++k)
Csub += As[ty][k] * Bsl[k] [tx]:

// Synchronize to make sure that the preceding
// computation is done before loading two new

// sub-matrices of B and B in the next iteration
___syncthreads ()
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M. Al-Turany,
GPU Test for Panda: Software F. Uhlig,

R. Karabowicz

= PandaRoot 2.0 Framework: MVD, TPC, EMC, MDT detectors (GS)
= p=1GeV/c us

= 50 events for each sample _ _
hit data of track candidates

= 4 samples _
N,...=50, 100, 1000, 2000 are written to shared memory
primary tracks per event in 32 parallel threads

= jdeal track finder
(copy GEANT tracks

to the track candidates objects)

S5
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400

350

300

Track Fitting on CPU and GPU

S R 1000 —— : : : ,
[|-=—CPU a ] " GPU (Floatté) P
¢ — GPU (Float(4)) S GPU (Double(8)) — .
GPU (DOUble(S)) 4 g | —w— GPU (Emulation) :/ A
v— GPU (Emulation) | 100 ¢ E
//// - | é ]
/ . o
/ _ E ] speed-up factor ~ 68
/ 4 a - :/. e ¥
) | 1p e o E
=4 1 \ . 1 N 1 1 1 ! R ]
500 1000 1500 2000 2500 0 500 1000 1500 2000
No of Tracks / Event No of Tracks / Event
50 100 1000 | 2000
GPU (Emu) 60 |150 |180 |370
CPU 3.0 |5.0 120 220 ms
GPU (D) 1.2 |15 [32 |50
GPU (F) 1.0 [1.2 1.8 3.2
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Where can we train for the Panda Online Computing?
Belle Il

= Belle II DEPFET Pixel Detector
(MPI Munich, Gottingen, Giessen,
Bonn, Heidelberg, Karlsruhe)

= readout system:
1 ATCA Crate with 14 Compute Nodes

= raw data rate
~ 27 Gbytes/s
=7 DVD'sper1s
~ 1/20 of Panda raw data rate

nice testing ground )

= online track finder | e
4 SVD hits + 2 pixel hits —

= data reduction \J’ s N
factor 10-100 _ e i \ 3 __4A
required i e W S5 /
LOI le’xyout: %
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Summary

3 * 107 events/s raw data

Panda Online Computing

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 ...
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