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The Experiment ALIC

CERN

epp @ 14TeV

e PbPb @ 1150 TeV
ALICE

® Research on QGP
in PbPb collisions |

® Many detectors
covering a wide
momentum range

& PID

e High multiplicity
events in Pb-Pb
collisions
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ALICE & TRD

540 drift chambers
6 layers, 90 stacks,
|8 super-modules,
In| < 0.9

Transition Radiation
Detector (TRD)

:‘..A.' ‘
lead nucleus @  lead nucleus

~ speed of light
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~ speed of light




Task of the TRD

ALICE Event

e High multiplicities:

few thousand charged
particle tracks in
acceptance per event

Fast trigger detector:
LI trigger after 6.2us

* Online reconstruction
of high-p. tracks, calculation of p;

* Various trigger schemes

Barrel tracking detector:
raw data for offline analysis

e Raw data buffering & forwarding
to data acquisition system

e Support interlaced triggers and
multi-event buffering, interface to
ALICE central trigger

O
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TRD Data Chain

ALICE L1 Triggers
Central | L2 Triggers ALICE TRD
Trigger < Global Tracking Unit
(CTP)
. Online Track < Tracklets
Triggers | <& Reconstruction 1080 Optical
Fibres
ALICE - Event Buffering
DAQ Raw Data Raw Data

Outside Magnet

Tinside Magnet T T T T T T T T T
: TRD

Front-End

Electronics
on-detector

Fast

Detectors \ .
~] TRD Pre- Pre-Trigger
-—'

To || TOF :
Trigger | | o/L1 Trigger

VO ACC

Data processing in two stages:
® On-Detector Front-End Electronics: 65,564 ASICs with 262,256 CPUs

® Global Tracking Unit: 109 FPGAs
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TRD Front-End Data Processing

3cm—m——

>

Drift
Volume

Radiator Mé terial

e 540 drift chambers, 6 radial
layers, |8 sectors azimuthal

e | .4 million analog channels
e |0 MHz sampling rate, 10 bit

e Buffer for one single event

W

; deflection
Particle
track

y position

® 65,564 Multi-Chip modules,
262,256 custom CPUs

e Massively parallel calculations:

hit detection, straight line fit

e Tracklets available 4.5us
after collision

32-Bit Tracklet Word

Deflection Position y, z PID

Parameterization
of stiff track segment

e Up to 20,000 tracklet words,
each 32-bit wide

e Transmission out of magnet via
1080 optical fibres operating
at 2.5 Gbit/s

e 2.| Tbit/s total bandwidth

v
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Simplified Example: Front-End Tracklets

Tracklet

T

Drift Region

Radiator

I
e Up to 20,000 tracklets
| per event for full TRD
Y e Up to 240 tracklets per
event per stack

e Available 4.5us
after collision

Y

>X Particle Tracks

’ Overview ALICE TRD GTU - SEl Workshop, KIT - Felik Rettig

ALIC
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Simplified Example: Reconstructed Tracks

——

Tracklet

Reconstructed
Track

D

I
e Up to 20,000 tracklets
per event for full TRD

] o Up to 240 tracklets per
event per stack

e Available 4.5us

after collision
oo (O

ALIC

Y

>X Particle/Tracks

’ Overview ALICE TRD GTU - SEl Workshop, KIT - Feli% Rettig




Tight Timing Requirements for Trigger

W

6.2us

< >
Collision , Level-0 , Level-1
i Trigger i Trigger
[}
Drift Time :
Fit Calculation Tracklet Building :
; Tracklet Shipping Raw Data Shipping
: Tracking & Trigger :
i i
! !
: TRD Level-1 Trigger :
i | | 1 1 Contributlion hippingI i 1
| i ! } ! } } ! } ! } ! } } } } ! i »
l ' 1 1 LA LA L A L AL L L I R | >
0 1 2 3 4 5 6 7 8
Time after Collision [ps]
Front-End GTU Trigger
Processing Processing || Decision

< >
<|.8us
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Global Tracking Unit

W

e GTU: Second Processing Stage

* Three 19" racks outside L3 magnet
* |09 custom PCAs with large FPGAs

e Level-1 Trigger Contribution

e Detection & full 3D reconstruction
of high-p: tracks based on tracklets

¢ Calculation of transverse momenta

* Provides various trigger schemes:
di-lepton decays (J/P, Y), jets, ...

e Raw Data Buffering
e 2.1 Tbit/s via 1080 links from detector

» Multi-event buffering & interface to
ALICE DAQ system

* Interlaced trigger sequences &
extended error handling
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3-Tier Architecture

Tracklets & Raw Data from Front-End Electronics (240 GByte/s via 1,080 links)

e Voo ok

Tier 0 * [ Processi ] B [ —— "5 Stacks 90 Track
- rocessing recessing e I ;
Stack -[ Node Node ]: 18x -1 per super- : Match|.ng

. : - Units

_____________ ]l — __module

2.7 GByte/s int h Nod
Reconstructed Tracks & Raw Data yte/s into each Node

. e K * ——
Tier | |8 Super-
Concentrator Concentrator
Super— [ Node ] cr I8t [ Node ] module
module - Units
D 2
S —mm - .- <3.5 GByte/s
Trigger Info Raw Data  to DAQ/HLT
Tier 2 | Trigger
Full [ T°',°\Lrégege'" J Generation
TRD Unit
¢ Trigger rate <200 Hz
TRD Trigger Contribution
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One GTU Segment

Patch panel with 60 fibres for one TRD supermodule

el
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GTU Processing Node

Displays DDR2 SRAM JTAG/Ethernet
2x 18 Mbit connectors
SFP »
Module g @ DDR2 DRAM
: ) .
y 5| Virtex-4 (g':_ “” 512 Mbit
™ IC_) FX100 “;’ e
< ar
: CED FPGA Dcf o Connector
SFP
Module <

/

|2C Busses,
Sensors

N

Add-on Board
Connectors

—| CompactPCIl Connector [| LVDS Connector [~

W

e CompactPCl card,

6U height

e |4 layer PCB

® Tier-specific assembly

& add-on cards
e Virtex-4 FX100

FPGAs

e 2 Embedded
PowerPC cores

e 64 MByte DRAM

e SDCard and ethernet

connectors
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GTU Processing Node - Tier 0

|2 SFP
Modules

(850nm, 2.5Gbit/s) T

a
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Custom LVDS I/O
72 Pairs

=
>
@)

CompagfPCI Bus

3 LVDS Links
(240 MHz DDR, 8 Bit)
3.8 Gbit/s each

- To tier |
_ From left node

- To right node

DDR2 SRAM
4 MByte High Bandwidth
Data Buffer (28.8 GBit/s)

Virtex-4 FX100 FPGA
95k LCs, 768 1/Os,
20 MGTs,

2 PowerPC Cores

v
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GTU

ncentrator Board - Tier |

i LVDS Link
Interf ‘ - s = i (120 MHz DDR, 4 Bit)
nteriace to ' R & I to tier 2, 0.9 Gbit/s

ALICE trigger\q
L

system
. (240 MHz DDR, 8 Bit)

: 1 from tier 0 nodes
ﬂ 21—\ 35 Ghivs each

\i 4

72 Pairs

4 SFP modules
| 000Base-SX
to switches

Custom LVDS I/O

=========
&

| TAG

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

SDCard Slot
4 GByte SDHC Card

DCS board

DDR2 SDRAM | peNE R :
64 MByte | #h ok . :
Interface to DN i e,

ALICE W

DAQ system
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Tracking - Track Matching

» 3D track matching: find tracklets belonging to one track
* Processing time less than approx. |.5us

- /
1 /
1 /
1 /
1 /
, 1 !
Particle \ ! \ Tracklet
20° Track \‘-\> ! extrapolated
|| - =~ i~ ~
i P ] II N o
Charge i 7 N
; g ]
Clusters \\ / e

|
i Tracklet
\ ,,. '
. /
| i | ' :’ /
l T ~ 7
\\\\\\ - _

- track bendings and tracklet misorientations exaggerated -



Tracking - Track Matching I

* Projection of tracklets to virtual transverse planes

- Intelligent sliding window algorithm: Ay, Ax, ..., Az

» Track: >4 tracklets from different layers inside same window

extrapolated

tracklets
20° e

Projection
plane

W



Tracking - Track Reconstruction

e Linear fit on matching tracklets: line parameter a, sum of tracklet PID

® Primary vertex assumption
const

e Estimation of p. from a: p;: = , Ap: [pr < 1%
e Fast p: cut decision: const < |p; min - a|

A

y o
Vertex
——
Particle tra: X
a e
%\/& 18/39 %.



Tracking - Design Overview

Input unit

» (Layer 5)

Input unit
» (Layer 4)

> Z-channel 1 '—
—» /-channel 0

> Z-channel 2 i

,,,,,,,,,,,,,,,,,,,,,,,

(Ref. layer 3)

Track finder b

Track finder

| Z-channel 2

Input unit
» (Layer 3)

i
» 7/-channel 1

—» /-channel 0

| Z-channel 2

Input unit
» (Layer 2)

12 optical links (from detector stack)

o
» 7/-channel 1

—» 7/-channel 0

(Ref. layer 2)

Yyvyy

; \ 4 l

Track finder
(Ref. layer 1)

Z-channel 2 [

,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,

Track finder
(Ref. layer 3)

Track finder

| Z-channel 2

[ 1]

Input unit
» (Layer 1)

Z-channel 1

—» /-channel 0

> Z-channel 2

Input unit
» (Layer 0)

W

3
» 7/-channel 1

—» /-channel 0

(Ref. layer 2)

Yyvy

Track finder
(Ref. layer 1)

_______________________

,,,,,,,,,,,,,,,,,,,,,,,

Track finder
(Ref. layer 3)

Track finder

> Z-channel 2

e
» 7/-channel 1

—» /-channel 0

(Ref. layer 2)

YvyY

Track finder
(Ref. layer 1)

,,,,,,,,,,,,,,,,,,,,,,,

Merging unit

p; Reconstruction unit

Track

»| parameter
F memory

TMU trigger design

To SMU trigger logic

e Fully pipelined data
push architecture
for minimal latency

e |8 matching units
running in parallel,
9 track finders

e |8 bit fixed point
arithmetics, pre-

computed look-up
tables and DSP
blocks used

e Critical path:
deep combinatorial
paths BRAM read
data — read addr,
12 logic levels @
60 MHz
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Tracking - Momentum Resolution

rp  Beam Test 2007 Results:
7 module ® Accelerator: CERN Proton Synchrotron
® Electrons, Pions with p. 0.5 — 6 GeV/c

segmene @ 8 days of continuous operation,
few million events

e GTU algorithm: Apd/p: < 1%
e TRD total: Apd/p: < 3%

W ; & DS / # 7. |
Nvembér 2007 Beam Test Seup at CERN PS

L L L L L L L L L L L L L B L L L L L L L L L B
200 B Entries: NV = 1573 ] 100 - Entries: N = 977 -
- GTU only RMS: Oan/m = 0329% | - TRD Total Mean: {Ap:/pr) = 0.004% |
: 1 o RMS: OApy/pr = 2.116 % -
- 80 - ]
150 - — L
g 2 60 .
: 2t
S 100 - 1 3
a0 -
50 |- . I
L 20 —
0 s b b laeen M | IR . W L||||||||||||||- 0-|||||||||||| | R R ad 1o L.||||-
5% 4% 3% 2% -1% 0% 1% 2% 3% 4% 5% 20% -15% -10% -5% 0% 5% 10% 15% 20%

rec

(pr* — p") /P2 (Pt = pe) /.
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Tracking - Processing Time

® Minimum latency of about 550 ns
® Slow nearly linear rise with number of tracklets

® Total latency depending significantly on number of tracklets

Plots: PhD thesis by J. de Cuveland

2000 LI N B N N B I B B NN N Y L B B H S | 07 1600

i ] - [ Track reconstruction / TMU trigger calculation
" 06 1400 0 Segment buffering and synchronization —[]
— L " L [ Track segment transmission T
2 1500 05 S 1200 _ B
= I e 2 i M
o0 3 5 1000 M
@ i 0.4 _L; 2 L M L H
g 1000 L 8 800 B I
| 038 & | | o Wi
9 5 3‘ 600 - [ | -
.80 = 0 ] —
= & i 0.2 o = | —
> 5001 0.9999-Quantile — 7| s 400r Ml LA
= 0.999-Quantile — | |7 ' I == LA

0.99-Quantile | ' 200 | |H[] = =i
- Mean and RMS i 4 Bl
ol v v b b b ) 0 o LoD b e I e R T T T T T T T 1T
0 30 60 90 120 150 180 210 240 R S B A R O o O L (IS

Tracklets per Stack Segments per stack
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Tracking - Efficiency

TRD + GTU
TRD/GTU Tracking Efficiency - B=0.5T, LC=5500 simulati on
— | | | | |
L2
2. 100 % % )¢ 2% X -
[72]
3 80% |
W 60% - Stack 0 —¢— -
- 9 Stack 1 —¢—
i o Stack 2 —s¢— |
I I I I I
g 80 % |- 1
i 60 % |- . e x
= y‘* * % % . | .
G 40% |- . Progresb- 4
Ll Wor\( N Stack 0, nW ——
L 20% Stack1, nwW —¢— 7]
Stack 2, nw —¢—
- | | | | |
& 70% - |
= o o
= —a
T o, | o |
o 50 % & = o s
5 Stack 0, nw —e—
Q 309 L Stack 1, nw —e— |
P_: ° Stack 2, nw —e—
| | | | |
0 GeV/c 5 GeV/c 10 GeV/c 15 GeV/c 20 GeV/c 25 GeV/c

Monte-Carlo Particle p:
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Tracking - Latest Collisions at LHC

W

e 7/ supermodules installed, data taking with collisions

® Tracklet tuning ongoing: resolution + availability time

e [atest GTU tracking results:

Supermodule 01,

Valid LO sequences
Tracking in time

Stack 2:

(<obus) :

Tracking duration:
Tracking done after LO:
Tracks (num/cnt) :

Run 124886 2010-07-02 - 17m, 341787 events,

99% (34
0.6us:
5.5us:
0: 3408

(341787 of 341789=99%) :

1654/341787)

339928 0.7us: 1723 0.9%us:
186686 6.0us: 154620 6.5us:
2: 12

42 1: 933

3
348

4.5us: 133
8.0us: 133

3.5 TeV p-p, Trigger 333 Hz

Tracks per Stack | STACKO STACK1 STACK2 STACK3 STACK4
SEGMENT 00 | 561 957 142 890 961
SEGMENT 01 | 615 863 760 636 1011
SEGMENT 07 | 488 576 262 96 504
SEGMENT 08 | 593 481 441 570 442
SEGMENT 09 | 475 607 328 692 817
SEGMENT 10 | 910 937 710 554 906
SEGMENT 17 | 865 373 540 192 552
TRD total | 21307 tracks

e 21,307 tracks in 341,787 events (6%)
21 GTU tracks/s
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Triggers - Scopes

I I I f Track word:
® Tracking in tier O y rack wor R
e a (I8 bits)
® transverse momentum ® PID (=12 bits)
Vertex e stack (3 bits)
. | 5
o y & 7 POS|t| on . Partie " e contrib. layer mask (6 bits) - 1 i
e z information (< 7 bits) |
® particle type T b | & b (<18 bits) SULIL
® Trigger in tier | - segment level =

e single high-p. trigger

e jet trigger (full z coverage)

e Trigger in tier 2 - detector level
e jet trigger (full ® coverage), multi-jets

e di-lepton decay trigger

%\/& 24/39
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Triggers - Cosmics

Trigger operating only on
tracklets, without tracking

e [2/2007-10/2008

e First LI trigger running
in ALICE

* 4TRD supermodules

e 1O triggers by TOF or
random pulser

e Purity: >93 %

e LI/LOtoF ratio: ~1/20
e LI rate:0.05- | Hz
e 55,000 events taken
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Triggers - Cosmic Example

00
—
o

0
O]

B
]

I

=

)
o
1S
c
>~
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Triggers - Jet Trigger

* Consider tracks within fixed geometric regions %ﬂ‘ﬂ
Ty
* Threshold conditions: el
R
* Number of tracks above p: threshold S
&
* Sum of momenta for those tracks &
a%

* Variations:
N tracks above p:; and M tracks above po, ...

I~ e e ° Tier I :jet detection
 overlapping areas in z-direction

=

Tier 2: multi-jet coincidence

ejet detection with
overlapping areas in ®-direction

Plot: B. Baﬁhen, Uni Mijnstér

0
2mil“l. 'P.I.[GeVlc]
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Triggers - Di-Lepton Decay

W

Simple version:
detect e* & e with p¢ > threshold

Advanced version:
find e*e” pairs with invariant mass
within certain range (J/, Y, ...)

Huge combinatorics for Pb-Pb collisions

Current study:

® Pre-selection of relevant track candidates feasible?
e Application of sliding window algorithms

e Massively parallelized invariant mass calculation

with full utilization of computing resources
provided by the Virtex-4 FPGA

e+

N A
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Multi-Event Buffering

L1 Trigger
Detector
Single-event 2000 Gbit/s Multi-event
buffers in data push buffers for
each chip each stack

100 % T T T T T T

L2 Accept

— >

30 Gbit/s
handshake

Mode: Pb-Pb Central Collisions

Buffer Size: npys
Npuf
Nbuf
Npuf
MNbuf
Npuf = 32 ——

80 % |

B OWNR

[ee] N

(=2

o

X
T

Average Dead Time
£

20% - Typical

Operating :
Conditions

0%

0 Hz 100 Hz 200 Hz 300 Hz 400 Hz 500 Hz

Average Tape Rate

W

600 Hz

700 Hz

Data
Acquisition
& HLT

Interleaved 3-level trigger
sequences

Single-event buffering in
65,564 FEE chips

Multi-event buffering in
90 GTU boards

Data taking decoupled
from 2nd level decision

& readout

— reduction of dead time

el
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Multi-Event Buffering - Tier O

® |6— 128 bit collation &
125—200 MHz crossing
via dual-port BRAMs

External SRAM

x12

® Wide data streams at
high frequencies

|
| |
= [T~ ' L - 1 — many pipeline stages
5 a | —
> o) . .
_ wri : e |28-bit wide 12:1 muxs
g' Stream te
x| Merger Formating B at 200 MHz needed
G | 8 : Erow 5
3 ' e . .
=) 12 i | 'l @ Dedicated high-
| wriite address | o
| " - | 5 performance SRAM
| L ———~(Eventinfo FIFO }— | 3 controller with optimal
| Memory | | | [Readout | 2 write/read arbitration
| Management | | Management | >
| | : | e Storage of 2 write and |
— — — D—— _—— | ) .
buffer full prediction V' read POlnterS fOI" eaCh

link in one BRAM

® Wide counters and
arithmetics at 200 MHz

%\/f 30/39 %
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Multi-Event Buffering - Tier |

LVDS Backplane to tier 0

TTC
Decode

| Control
| X
| _ Busy
| accept, reject, Fast Hardware n halt
| . | flush, exp_tr, exp_data Trigger Handling |«
X PPC —| =
| 2| 3
I . 2l 2
| event info Readout 2 <O
| Control a[o
( 0
_— |- — . — - — = —
LN < [
o S|
5 e 5 e
| Data Path Y |
J Buffer Stack0 |
ol Header |
Buffer Stack | Generation | SIU
Buffer Stack 2 & ﬂ
Buffer Stack 3 - Data  § |
ormatting |~
Buffer Stack 4 flow control |
S —— — | “—

e Control & read-out 5

tier 0 buffers

Single-Event Buffering
used in ALICE since
2007

Multi-Event Buffering
under development:
HW/SW co-design:

- fast control in
normal operation in
fabric

- complex error
recovery in software

Low latency PPC
needed

31/39
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Dual PowerPC System

® |09 Virtex-4 FXI100 — 218 embedded PowerPC cores
e High-Level PowerPC

e Running Linux for system control purposes
e Xilinx 2.6.30 kernel + BusyBox (later Gentoo)

e Tier | & 2: optical gigabit ethernet with MGT/EMAC planned,
tier | as "switch" for tier 0 using PPP

e L ow-Level PowerPC
e Real time operations with tight time requirements
e Extended multi-event buffering control
e Low-level monitoring, statistics gathering

e Designed for minimum latency & resource usage

® Interconnection between PowerPCs

e Shared BRAM memory with hardware mutex support
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PowerPCs System

PPC Netlist
Data
m Instruction/ Memory Instruction g m Data
7 [+ SRAM SDCA Data Memory .sdata... Memory 2[*™g| Memory
o > 7 F RDIE | & = bss ...
128 kByte 2 kByte 32 kByte — r-=---=
@ BRAM BRAM BRAM EER N | 16 kByte |
3 - y gg a : DCache :
- sRm (. [ 71T 1  — pAVl=-===-
- <»| UART orRL | — =
PPCO |O » O [« O| PPC1
O °c | |2
LE) oraM ool MEM | o 2 kByte - |32 ey LED
@) ctRL [*% artc [€ BRAM |« 35 ™9
a MUTEX > -
o o
@) i [ ®)
[m) (m)

Fabric/

1 1 4. 1. } External
| Fabric BRAMSs | | der_i2c |,| der_intc |,| dcr_cfg |

A
\ A \ A

| der_gp “ dcr_cfg |

y

64 MByte
SDRAM
pala

Memory

e PPCO0: 200 MHz, typical 32-bit PLB layout with 100 MHz

e PPCI:400 MHz, 200 MHz 64-bit OCM busses,
DCache only used as data memory — interrupt latency 370ns @

%\/f 33/39
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Tier 0 Design, Rev. 1712

o IR
e i L

" A vl
x T >
o 4
-£RI el o
¢ R :i ff
“5' e
F i
;

ﬁr]i'E) :! i A
I 7 ;.l
1 r i,
4, K

- A Ty

Event

S. st Tracking PPCs

FF 10,945 8,863 3,733

LUT 5,925 23,463 4,086

CY/DSP| 2505  8507/9 346

BRAM | 4 132 88

Dist. mem 32 1221 |87

Total slices: 38,910 (92%)
Total LUTs: 53,406 (63%)
Global clocks: 16 (50%)
Block RAMs: 248 (65%)

. Tracking . Event Buffering . PowerPC
34/39
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Tier | & 2 Designs, Rev. [ 712
| 'L;Jer L Tier 2 M rigger

.ulg._ i ”E' ||' :ﬁ .TTC+SEB
a4 '.:"’f'f-.' M ”?:“lr 1 M. v# - .Tier o/l IF

. PowerPC
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Build and Simulation Flow

PPC System ceEen HDL Design
Files
.mhs o .vhd/.v

RAM Map Netlist Netlist
.bmm .ngc .ngc

A4

NGDbuild

Constraints Netlist
.ucf
( } ( .ngd )

MAP

A4 +

mapped Design Constraints
.ncd .pcf

A4

vy

PAR

A4

Design \

.ncd

W

o Makefile-based Flow
® Nightly Build System

® Further Development
while system is in
continuous use at LHC
— need for detailed
verification

® Three tiers, many interfaces
to external systems
— complex sim. models &
interaction between
multiple FPGA designs

36/39
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RAM

Constraints

W

Build and Simulation Flow

CoreGen

PPC System HDL Design \

Files
.XCO

.mhs .vhd /.v

NGDbuild

.ucf

Netlist

SimGen HDL Wrapper

NetGen SIMPRIM

.ngd

v v

mapped Design
.ncd

Constraints
.pcf

Design

Netlists

SIMPRIM
Netlists

Timing Files

SIMPRIM
Netlists

.ncd

NetGen

Timing Files
.sdf

37/39
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Outlook

First Pb-Pb collisions
in November....

High multiplicities,
combinatorics explode
® Tracking almost

consumes all time
available for trigger

® Jet and high-p: trigger
in operation

® |deas:
e Tuned LI triggers (6-8ps)

e Elaborate L2 triggers (80us)

el
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Current TRD Supermodule Status

-
°

i-d

ot installed

Y

2
q

o 7/18 Supermodules
installed

o [8/18GTU
segments installed

Clé Cl7 Cl8

100 {09 06 f1s
01 ] 10 I N
02 LI 08 ] 17
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PowerPCs - Performance

Core: 200 MHz 400 MHz 400 MHz
|IOCM: 100 MHz 200 MHz 200 MHz
Parameter DOCM: 100 MHz 100 MHz DCache
Main loop period (12C,...) 57ms
first th:deg: Ii)r;cst_r’uction (22|6. Iic?;csies) -05us (420) - 0.37us (148)
second handler instr. |.25us (250) |.13us (452) | 0.45pus (180)
third handler instr. |.37ps (274)
4. if condition check 3.43ps (686) |.54us (580)
if (true condition) { 540ns (108)
if (false condition) {} else { 540ns (108)

W
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ALICE Trigger Hierarchy

0.3 us

1.2 ps 6.5 ps ~ 88 us > | ms
~ 5000 Hz | ~5000 Hz | ~ 400 Hz ~ 200 Hz ~ 100 Hz
Software
TRD Specific Sstrobe. to Major Rate TPC Past- Trigger, Data
ampling ) Future :
Wake-Up . Reduction . Comepressio
Electronics Protection o
TRD TRD
generated | contributes | contributes B 3
for TRD to LO via to LI via
Pre-Trigger GTU

44/39




