C N P Gee- L1 Calorimeter Trigger-Plenary 16 Sep 199816th September 1998A T L A S L e v e l - 1 C a l o r i m e t e r T r i g g e r C .N .P .GeeRutherford Appleton LaboratoryUniversity of Birmingham, UKUniversity of Heidelberg, GermanyUniversity of Mainz, GermanyQueen Mary & Westfield College, University of London, UKRutherford Appleton Laboratory, UKUniversity of Stockholm, Sweden

C N P Gee- L1 Calorimeter Trigger-Plenary 16 Sep 1998 Trigger Architecture

ET,ET

Counting

Calorimeter

FADC (10 bits) BCID

Lookup table

2x2 sum BC MUX

RoI-finding

ET sum

Ex,Ey

Jet-finding

~7200 analogue links �60 m

Level-1 Central Trigger Processor

Level-1 Muon RoI

On Detector

In Trigger Cavern

RoI-finding e/gamma/tau Cluster Processor

Analogue Sum Transmitter

Receiver Waveform analyser

Preprocessor

Counting

Jet elements (9 bits)

RoI E.M. Tau

Jet ET

Serial links: 800 Mbit/s, ~5 m

Trigger towers (8 bits)

JEMs CPMs

Cluster-finding 80 Mbit/s backplane

160 Mbit/s backplane

Jet/En.-sum Processor

E.M. + hadronic sum

(LAr only)

-1

0

1

2

0 200 400 600

time (ns)

Pulse E_T (GeV)

d8 d7 d6 d5 d4 d3 d2 d1

+

f1 f2 f3 Peak Finder

Data Pipeline

Multipliers In

f3<f2>f1

Adder Tree In

Out ET

MUX

a8 a1 a7 a6 a5 a4 a3 a2

Drop bits 10

8 8 8 Out

10

10-bit

20

FIR inhibit (from saturatedpulse BCID) latency

ET calibration lookup table

Saturated-pulse BCID result:

0 or full-scale (255) 0

0.25

0.5

0.75

1

0 2 4 6

E_T (GeV)

Eff.

noise = 300 MeV noise = 400 MeV noise = 450 MeV noise = 500 MeV noise = 700 MeV

8 8 8

8 8

8 8

8

30 cm

VME 16-bit data

Control/ Monitor for 64 chans

32 Analogue In (twisted pairs)

MCM: 4 chs

Clk L1A etc.

4

4 4 4

4* 4sum

GL 4 4 4 4

4* 4sum

32 Analogue In (twisted pairs)

GL

GL

GL

GL

GL

GL

GL

MCM: 4 ch

MCM: 4 ch

Rem ASIC

G-link outputs to:

Cluster Processor

Jet/Energy-sum Processor

FADC

DAC TIME

FADC

FADC

FADC

GLink 20-bit

FIFO

PB-Memory

RO-Memory FCTL

BCID LUT

FIFO LUT BCID

PB-Memory

RO-Memory

PPrASIC

FIFO

PB-Memory

RO-Memory FCTL

BCID LUT

FIFO LUT BCID

PB-Memory

RO-Memory ADD

Analogue in: 4 trigger towers

ADD

ADD4

ADD4 9

BC- Mux

Control Load

Readout Data

Control

Control

Cluster Processor

Jet/Energy-sum Processor

BC- MUX

PPrASIC

Vertical Sums � � Horizontal Sums

� � �

�

Electromagnetic isolation < e.m. isolation threshold

Hadronic isolation < hadronic isolation threshold

Electromagnetic

calorimeter

Hadronic calorimeter

Trigger towers (� � � = 0.1 � 0.1)

De-cluster/RoI region: local maximum

0 4000 8000 12000

0.1 0.06 0.2

Number of em trigger channels for rapidity < 3

Granularity 0

100

50

Rate (kHz) � � � 0

0.25

0.5

0.75

1

25 50 0

0.25

0.5

0.75

1

9 19.5 30 0

20

40

60

80

100

0 0.2 0.4 0.6 0.8 1 10^{-2}

10^{-1}

1

10

10^2

10^3

20 40 60 80 pT Threshold (GeV)

Rate (kHz)

10^{-2}

10^{-1}

1

10

10^2

10^3

20 40 60 80

De-cluster/RoI region: local maximum

Vertical sums in e.m. calorimeter � � Horizontal sums in

e.m. calorimeter

� � �

�

Electromagnetic isolation < e.m. isolation threshold

Hadronic isolation < hadronic isolation threshold

Electromagnetic calorimeter

Hadronic calorimeter

Trigger towers (� � � = 0.1 � 0.1)

Trigger Threshold Et

Efficiency %

0.8 x 0.8

0.6 x 0.6

0.4 x 0.4

atw101V01 0

0.25

0.5

0.75

1

50 100 150

Efficiency%

Rate (Hz)

0.8 x 0.8

0.6 x 0.6 0.4 x 0.4

atw102V01

10^3

10^4

0 0.2 0.4 0.6 0.8

C P M C P M C P M C P M C P M C P M C P M C P M C P M C P M C P M C P M

= -2.5 0 2.5

duplicated at PPM

fan-in fan-out

4x16 windows, each 4x4x2 towers ===>

via backplane

Q1 Q3 Q4 Q2 C P M

960 Mbit/s to 160 Mbit/s conversion

40 G-Links 40 Serialising ASICs

CANBus

From CCM

(160 Mbit/s)

(160 Mbit/s)

(960 Mbit/s) 128 Cluster Hit Count FPGAs

Read-out Controller

G-Link Tx

G-Link Tx

PLLand clock distribution

From PPMs

To neighbour via backplane

From neighbour via backplane

CANBus Rx/Tx

CANBus Sensor I/O Sensors

VME VME FIFO

Monitor Path

16

Analyser Port

Merge Modules

ROD/Level-2

ROD/DAQ

optional G-link to a ROD

128

Hits

CPASICs 8 20 CPMCMs

E.M. and hadron/tau algorithms

buffer derand.

latency buffer driver bus

playback memory spy driver bus

driver bus

VME

timing timing ( TTC )

VME to JMM

(Altera)

DAQ G-link to ROD

440

Boundary Scan + configurator Interface

Jet FPGA

error detect

Backplane

40 Mb/s

40 Mb/s

to SMM

80 Mb/s

6 Sum FPGAs (Xilinx)

20 bit

22 x G-link

TTL 40Mb/s

80 Mb/s

MUX sum

Ee+Eh T x y

E E E

.