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NG ATLAS Calorimetry

> Hadronic Tile Electromagnetic
‘ (Barrel + Endcap) Calorimeters Calorimeters
v accordion geometry ([n]<1.7) (Inl<32)

¢ LAr (sensitive material) + Pb (absorber)
¢ ~ 200,000 readout channels
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» Hadronic Calorimeters

& TileCal Barrel + 2x TileCal Extended Barrel
(scintilating tiles embeded in iron absorber
matrix)

¢ EndCap (HEC) (LAr + copper)
¢ ~ 21,000 readout channels (TileCal + HEC)

» Forward Calorimeters

¢ integrated in Endcap cryostat

Hadronic LAr End Cap Forward LAr
¢ 1 EM layer (copper) Calorimeters Calorimeters
¢ 2 Had layers (tungsten) (15<|n|<32) (31<|n|<49)
¢ ~ 11,000 readout channels » rotational symmetry

» seamless e.m. ¢-coverage and full hadronic coverage
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%\/ﬁ Trigger Towers

» fine segmentation of the e.m. and hadronic calorimeters (over 230,000 cells)
» analogue summation over calorimeter cells (calorimeter front-end electronics)
> granularity of An xA® = 0.1 x0.1 (for |n| < 2.5)

» variations up to [n| < 4.9

> separate sets of trigger towers for the e.m. and had. calorimeters

» ~ 7200 triger tower signals

> solely used as inputs for the LVL1 Calorimeter Trigger
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HLT

NFE  ATLAS Trigger System

Interaction rate

- -; GHz _ CALO MUON TRACKING (> fixed latency 2.5 ps
unch crossin
rate 40 MHz g ; » hardware-based (ASIC, FPGA)
LEVEL 1 5:5:.':;?,3 - » coarse granularity calorimeter
TRIGGER _ and muon p;
< 75(100) kHz
Derandemizars - > latency ~ 10 ms
H eadout drivers
Regions of Interest (RODS) > special algorithms
AN
( LEVEL2 Readout buffers - < > uses ROTI as identified by LVL1
TRIGGER (ROBs) >
- » access to all sub-detectors
~ 1 kHz .
< Event builder 5 > full granularity and fast
rejection
EVENT FILTER Full-event buffers
and
-~ 100 Hz processor sub-farms > Ia’rency ~1s
LL
L > off-line algorithms
Event size ~ 1-2 MBytes Data recording > access to full event data
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NG

Features

Real-time data path:
<1 ps fixed-latency
pipeline

Calorimeter
signals

L1 Calo Trigger

Digitized
transverse
energy

Cluster
Processor

8 modules

(~7200)

Many processing stages

Massive parallelism:
~300 Gbyte/s input

Complex connectivity:
sliding-window
algorithms

Multi-purpose modules
(CMM, ROD, backplane)

Heavily FPGA-based,
only one ASIC

Algorithms specified in
ATL-DAQ-2004-011

Real-time
data path

Taken from Leve/-1 Calorimeter Trigger Status, Eric Eisenhandler,
ATLAS Overview Week, Stockholm, 12 July 2006

it} 56 modules
E

PreProcessor o

124 modules i
g Hit counts
X and E;
L[ stnere .

32 modules

Merging
4 modules I

Readout
Driver
6 modules

Readout
Driver
14 modules

Readout Region-of-
data interest data
to DAQ to Level-2
Fivemaintypes of = [fopm) ['cpm ) [9em ] [cmm] [roD
custom 9U modules
Heidelberg UK Mainz/ UK UK
Stockholm
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NG PreProcessor System

} CO"SISTS Of 8 Cr'Cl'l'eS, eaCh Of Wh|Ch Analog Signal Timing, BC-Timing, RawData readout, Playback, Seralization LVDS Stream:
equipped with 16 PreProcessor Modules il PreCompemeation
(PPM), that can each receive and process - FADC Ve LUT Mem
64 analogue inputs (trigger towers) R i i
LL%%'JE [Y) Y}
> real-time path signal |
Input Y FADC  FIFO BCID Logic LVDS LB beRsasF
. og . o { s i
@ analogue signal conditioning and — > 106t :‘ e e i RS Mux JT.:W Rt
digitisation — 1 R S e e e o I
A
@ time alignment (Ins resolution) J[f wr ¢ Lvos
AA 10=8 bit|__| Serializer
@ bunch-crossing identification At ly N Agor |1, 380 | » ""“ >
@ energy calibration (using LUT) i L
T . Histogram/

@ providing input to subsequent processors Playbeck Mem

(CP, JEP) | PPrASIC

@ data serialisation I E it J

PPrModule

> readout path Block-diagram of the pre-processing for one trigger channel

@ pipelined readout of monitoring data to document the trigger decission

@ extra features:
@ data playback for technical tests of the Level-1 Trigger System

® real-time histogramming and rate-metering
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Na PreProcessor Module

[ 9U VME slave module ]

|

e

VME

3x LVDS
erialiser:

o

1pLIlE
f e\

A

& Y g5 mmmYmmm g

7 8.329.-;;;@.1: H

DAQ/ROD S /

Readout
path

inputs

COOOAOARY hbbGOBARRN T

PPM - total latency contribution
to the L1 pipelined system is
15 LHC clock cycles
(17 estimated in TDR, 1998)

64 analogue

oL e e )

]

)

16 PreProcessor MCMs'

oy pang

| Real-time data path

1 l| I A i f .
\rJ. . LIS A 0L

serial data stream
to CP and JEP
processors

Cable Drivet - -3 | |- &

»

-
[Fas‘r hard-wired algorithms implemented in ASICs and MCMSJ
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NG PPM Readout

> PPM provides two readout interfaces (from software point of view):
® VME - crate controller CPU
® G-Link > DAQ system via RODs

> both interface to ReM FPGA > collection, formatting and transmission of PPM
data

> VME Readout

® event based and non-event based
® readout buffer depth
+ 128 (FADC + BCID) samples per PPM channel
» G-Link Readout

® event based

® bandwidth limitation for high L1A rate:
+ 5 FADC plus 1 LUT/BCID samples per PPM channel
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Na Monitoring the PPM

» physical aspects of the hardware: module temperatures, supply voltages, etfc

(to be handled by DCS)

> non-event based data (read out periodically)
® e.g. rate metering and histogramming
» event based data (accepted events)
® e.g. performance of the trigger, data taking quality check, etc.

> sources of monitoring data

® non-event based readout - rate maps
@ event based readout 2 FADC raw data, LUT/BCID

> first monitoring application > cable tests runs
® PPM readout used only in VME mode
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ﬁ f Monitoring the Cable Test Runs (1/2)

> test connectivity, cable pin ATLAS- - —
mappings, trigger timing, s/w caeer Rec. |1

» pedestal/noise studies, signal
reconstruction

| Usmsl ux 15 |

27 ~70m

» Hardware setup:

@ calibration signal + trigger
received from Tile or LAr
calorimeters (barrel region)

Ethemet

@ analogue cables through TCPP
and/or Receiver Statations

@ 2 PPMs installed in two different
crates/racks

» Software:

@ standard TDAQ system (e.g. = p—
read events from PPM) LAk injection

system

@ data stored in appropriate files
(formatted VME buffers) after
each run

Partition-Master

Taken from CERN PPM Status: Tests and Software, Florian Fohlisch,
L1Calo Meeting, Heidelberg, 15 March 2006
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ﬁ f Monitoring the Cable Test Runs (2/2)

> two general purpose packages available in the L1Calo Online Software to monitor
the PPM data during the cable test runs

PPM Decoder

@ decodes the VME readout buffer and provides bytestreambDecoder-like objects
(Rdos), and the original PPM VME data for output

® current development considers only event based data

PPM Monitoring

@ creates and fills a collection of histograms based on the decoded VME data
(PPM Decoder)

@ run types: DAC scan, FIFO scan (pedestal) and PHOS4 scan (1ns time adjustment)

& application to collect and export the histograms to the and display them
with a dedicated tool (PMPpresenter)

® Documentation: Monitoring the Cable Test Runs, V. Andrei, Software Note 019, May 2006
( http://hepwww.ph.gmul.ac.uk/I1calo/sweb/documents/doclist.html )
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N Data Content of PPM Readout

> event data (scan parameter and the corresponding FADC counts) stored in files
> these files are used as input by PPM Monitoring
» DAC Scan

@ determines and sets a programmable pedestal for PPM channels (same pedestal)

@ DAC setting (scan parameter) on all PPM channels is ramped (1 LSB step) while reading out the scan
parameter and the corresponding raw data (FADC counts)

® check linearity of the system (DAC value vs. FADC counts) - determine DAC setting corresponding to
the desired pedestal value (40 FADC counts, on next slides)

> FIFO Scan

@ estimates the pedestal value in each PPM channel (using the DAC setting previously determined)

@ data: scan parameter (PHOS4 delay, set to 12) and FADC counts corresponding to each channel
» PHOS4 Scan

@ determines the optimal PHOS4 delay for each PPM channel

® the run scans through all PHOS4 delay (from O to 24 ns, in steps of 1 ns) to find the precise timing of
each PPM channel

@ data: scan parameter (PHOS4 setting) and FADC counts corresponding to each channel

> characteristic information to each run is extracted, histogrammed and displayed

IRTG Meeting, 14/07/06, Heidelberg Victor Andrei, KIP
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NG PPM DAC Scan Runs

2.2 \'/
FADC window |
10-bit res. |
21V
19V

Mean, RMS
(FADC counts

per DAC value)

DAC value -} ---—-- o z\/\f\/\,\/\,
baseline

1.6V
DAC range
8-bit res.
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B
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]
[=]
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-offset

Entries 5600

M
250
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| Entries 9348 |
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5
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Bunch Crossing
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e

] 7v 'Online Monitoring Presenter - FPM,’\"O“It@riﬂg'—
D File Actions Help
[ AC Scan| Hox ¥ | [Paszomesume
— B
cen_pLots(] DAc_sCAﬁ FIFO_SCAN | PHOS4_SCAN(l) | PHOS4_SCAN@ | Browser |
[ MonitTest/histSlope1:slope (1) | HIELSloEAT [ MonitTest/histOffset1::offset (1) | histOffset1
Entries 64 Entries 64
= E Mean 31.64 — B Mean 31.36
/ ) \ Eon RMS 185 s f RMS 18.44
+ plots using real 8 2 e
32 21 =
PPM event da‘l'a = E § 10—
. . %) 24 g [
(taken during tile % 2ot & vl
cable tests at 2 2081 8 r
E o 106—
CERN) S uur B
§ 2.055 o 104:
: : W 205 L
- displayed with e w02
PMPpresenter e e B
. . . digital channel numbe digital channel numbe
(Onl'ne Moanor‘lng igr channel number | igital channel num r
: 7 = hisiSlopeZ ; i o ;
Pr‘eSen-rer) [ MonitTest/histSlope2::slope (2) | T | MonitTest/histOffset2::offset (2) | T
= Mean 2.077 2 Mean 10741
aoe RMS 02123 c 9 RMS 2.903
o o 2 L sc
* check linearity 5 F s
2 20— = 7=
of the system £ “F g
() C 5 I
(slope and offset) e e
- 4
\_ - of ;
C 3
sf- 25
n: bl e e e e e D e L s e E, \\||”\\\|
05 1 15 2 25 3 35 4 %60 70 80 90 100 110 420 130 140 150
slope [FADC counts/DAC values] offset [DAC values]
State: | Partition: Server Name: Histograms Received ‘ I;‘__ Rate: . L]_|
A
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e

Eile Actions Help

| Online Monitoring Presenter - PPI_FIjMunitoring =

FIFO Scan}

- estimate the
pedestal (mean and
rms) in each

PPM channel (noise
determination)

T

HEox

Y

L]

Pause/Resume

GeN_pLoTs | pAc_scaN ([ FIFO_SCAN: )PHOS4 SCAN) | PHOS4_SCAN®) | Browser |
R —

[ MonitTest/histFifoPed1::Fifo pedestal (1) | histFifoPedt [ MonitTest/histFifoRMSPed1::Fifo RMS pedestal (1) | histFifoRMSPedt
Entries 64 Entries 64
— e Mean ] | — = Mean 30.76
£ RMS 18.46 £ E RMS 18.72
=] a 48[
% 41 ] F
5 S 16—
o o b
O 405 3] e
(&] O 14—
2 9 E
12—
T i
® F | 15
@ 395 3
= i
3 C '8 0.8
-4 F a
c 30— n 06
@ E E =
E33-51—.‘.‘|.‘..\,.‘.|...‘|.‘..|.‘..\. L P T s i e o T L
0 40 50 60 0 50 60
digital channel number digital channel number
[ MonitTest/histFifoPed2::Fifo pedestal (2) | histFifoPed2 | MonitTest/histFifoRMSPed2::Fifo RMS pedestal (2) | histFifoRMSPed2
Entries 64 Entries 64
= Mean 40.11 = Mean 0.8641
c 20— RMS 0.728 = RMS 0.3531
=} F B E— E - B
zead B o [z
(7] C = E
o 16— o 12—
E g
& £ £ 10
12 &
10 B;
8 6
Fy=8 E
£ 4
41— =
2 2:_
By el el | e s e e | Sl | et o s v e
L T T 50 100 Y 5 10 15 20
mean pedestal [FADC counts] RMS pedestal [FADC counts]
State: | Panition: HeidelbergTest | Server Name: Histograms Received ‘ _Ej Rate: | T |
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w hed Online Monitoring Presenter - PPM_Monitoring -
File Actions Help
PHOS4 Scan e
Z 2 Pause/Resume
(1st panel) P
GEN_PLOTS | DAC_SCAN | FIFo_scaN |(PHOSA SCAN() | PHOS4_SCAN®) | Browser |
[ MonitTest/histPed1::pedestal (1) | histPed{ [ MonitTest/histAmpPed::amplitudes (with pedestal) | histAmpPed
Entries 64 Entries 64
— = Mean 31.42 220— Mean 257
/ . \ E E RMS 18.31 = E RMS 18.21
* 1ns sampling of 3 & 20f-
= E 2 g0
the pulse 3 asp Sl
o = C
o E 9 160
Q = 1) E
< A 140
L] m < =
pedeSTCd L wof L q20
. . = E c
determination g o B i
(using the first 3 F 3 s
a1k E
500 SC(mPIZS) § E & g0
E B s O Sy I N gy 6 B I o
Ei S A R At 4 o it e T 40, STt s i B
0 10 20 30 40 50 60 0 10 20 30 40 50 60
g digital chi 1 be digital ch 1 be
o flnd The igital channel number ] igital channel number
. . . v e n . v R . s histA
S|9na| amphfude [ MonitTestthistPed2::pedestal (2) | P BRI | MonitTest/histAmp::real signal amplitudes | el
Mean 43.01 = Mean 10.58
and subtract the < e RMS 1739 e E 0 RMS 3.008
. = ‘5 160
determined pedesta 2 i
@ 8- g™
% B S 1200
B Q E
® 6 E 100
r = 80—
4 s F
= 2 60—
1 = Z_
2 E 40g
C 20—
ol Lt o L s | e | g | gl | ol PR I S M O e S T A A
0 10 20 30 60 70 80 a0 100 0 10 20 30 40 50 60
mean pedestal [FADC counts] digital channel number
State: Server Name: Histograms Received ‘ Ej Rate: [ L]_|
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 onine Honiorne rrecenter - FEM Mo
PHOS4 Scan|— fismis N
% E = x - v Pause/Resume
(2nd panel) o S
GEN_PLOTS | DAC_SCAN | FIFO_SCAN | PHOS4 SCAN() |@4_5CA$@ | Browser |
[ MonitTest/histRiseTimel::rise time (1) | histRiseTime1 [ MonitTest/histFwhm1::FWHM (1) | histFwhm
Entries ] Entries
E Mean 10.75 = Mean 10.9
— 40 RMS 2.927 E RMS 2,965
i i = =
* rise fime e 8 F
EE £ wf
g 30— = [
. E 50—
« full width at half = b =
H 7] = LT =
maximum (FWHM) 2 b 5
E 30—
15 E
10— 20:—
5 10
7 A O | O P S S I [ ] o R A e P
0 10 20 30 40 50 60 0 10 20 30 40 50 60
digital channel number digital channel number
[ MonitTest/histRiseTime2::rise time (2) | histRiseTime2 | MonitTest/histFwhm2::FWHM (2) | histFwhm2
Entries g Entries
= Mean 3514 iy Mean 67.97
2 RMS 2.307 25 RMS 3.544
= E = E
8 18 o 18
= = x =
@ 16— g 185
T E B =
E- 1.4E ‘é 1-45
122 1.2
e 1=
08— 0.8
0.6 06—
0.4 0.4
02 0.2
P A R NIt A | | PO S R ISR B I P = I I B B B | AL S
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: N : : 3 E T
State: Partition HeidelbergTest | Server Name Histograms Received | 5 Rate: i |
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NG Results (5/5)

hd Online Monitoring Presenter - PPM_Monitoring
Readou-r W File Actions Help
. . ; Hx - Pause/Resume
Statistics | —
IGEN_PLOTS ) DAC_SCAN | FIFO_SCAN | PHOS4_SCAN(L) | PHOS4_SCAN®@) | Browser |
N — o
| MonitTest/histChanDac::Events per PPM channel {DAC Scan) | histChanDac | MonitTest/histChanFifo::Events per PPM channel (FIFO Scan) | histChanFifo
Entries 44286 Entries 19472
E Mean 24.34 = Mean 23.37
c E RMS 17.45 L s00F RMS 17.24
H 8 1000— a E
* number of fimes a ||| £""¢ < ek
$ w0t 2 =
@ = = E
PPM channel was £ F E ool
. 'g' 800 E s
read out during the g il
700 — =
run | i
500 250 —
400 200
3003— 150i
L i O e O e U B o i e P e e
0 50 60 0 50 60
digital channel number digital channel number
MonitTestfhistChanPhosd::Events per PPM channel (PHOS4 Scan) I | histChanPhosd |
Entries 11534
= Mean 27.86
c 260 RMS 17.87
3 i
=
P 240 I
]
= 220
-]
5 ool
200 I
180—
160
140
120
100
A A I - W O Sy [
0 50 60
digital channel number
State: Partition HeidelbergTest | Server Name Histograms Received | J_E_| Rate: L] |
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%\/ﬁ Non-event based readout

> available only via VME (not accessible through standard ATLAS DAQ)
> periodic readout with programmable frequency
» PreProcessor has diagnostic features implemented in PprASIC

> rate maps and energy spectra (per trigger tower)
@® with programmable thresholds

> low threshold to analyse noise characteristics

> high threshold to analyse energy flow/activity
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e Rate Metering (e.g.)

. . ATLAS Leveal 1 Calorimeter Trigger Mappings
* number of times a certain energy §
threshold is passed in a given time it

. . Display Overlay Style
lnTer‘VGI (per‘ Tr'lgger' Tower‘) n=24 PPMe=0:14 [3:1] CPhM=0:14
p=12 Fremec=3:3 [¥] Fxhec=5:1 [¥] PPMb=0:14 [3:1] JEM=0:7
* every bunch-crossing taken into
account
+ java tool to display mappings of ¢ =0
trigger towers to the modules of
L1Calo trigger (M.Landon,2001)
- needs some modifications (crates, ot
modules) but can be used as web
application for rate metering
| Rate map (RANDOM DATA) | k89
S0
=0
=44 =22 -l& =0 l& 2.2 4.4
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A Event based readout (GNAM)

> GNAM
@ Online Monitoring structure developed to monitor the ATLAS detectors at all data flow levels

@ modular framework based on FSM Core

@ detector specific code implemented in dynamic libraries

» OHP —>application to display the histograms

Data~flow level Common actions:
TR e eas ungack data up to ROD level: Resel
ublish histograms on OHS; Rebin
| GNAM 1 OHP | isto interactive commands. Update
ROD —» \ GNAM
v E
: d
> L1Calo GNAM ROS —» M ——* Core + = OHS
monitoring meeting - il S 4 Y histos :
19 - 22.07 (CERN) SF1 —» 2 1= 2 | » ol B
i S| 1B gl | = 21 |5
i & 3l |2 Y~ lﬁ =
EF 2l < ROOT =
& Y histograms L | ®
1 G Detector plugin lugin
specific (decode) Fhisto) OHP
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F L1 Calo Trigger (front-end)

D50
256 16-pair cables® : A
TileCal trigger signals | F [F R
Y
Long cables: TileCal " —{ADCLy) asic
«Cavern to USA15 paen @ X
; anels R
= Typically 40—70m _Iqqg 1o separate p (136 anin 1120
» Detector responsibility | calo and , P |F—DF- cards Multi-chip >CP
. on signals } Modul MCM
=256 TileCal, 360 LAr P (16ch.) Mo “{j-“’:l{” s) LVDS high-speed
serial links
360 Panels 768
Liquid Argon trigger signals R
Receivers PreProcessor Modules
(64 ch.) (64 ch.)
All analogue cables: 1o convert -
« 16 individually shielded pairs Ewep | Short cables:
*F/R denote front/rear of * Intemal to trigger racks
modules = Typically 5-8m long
» All connectors D37 except » L1Calo responsibility
TCPP inputs, which are D50 «» 776 in total

Taken from Leve/-1 Calorimeter Trigger Status, Eric Eisenhandler, ATLAS Overview Week, Stockholm, 12 July 2006
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EM Crates

PPMs
Phi\ Eta
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Legend:

Phi_quadrant

0 1 2 3 0 1 2 3 0 1 2 3 Eta_bundle
Crate 0 (EM Barrel +2) Crate 4 (HEC/FCAL +Z)
Crate 1 (EM Barrel -Z) Crate 5 (HEC/FCAL -Z)

Crate 2 (EM Endcap +Z)
Crate 3 (EM Endcap -Z)
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Hadronic Crates
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%\/ﬁ PPM Decoder in GNAM

1MOn actions:

ack data up to ROD level; Reset

lish histograms on OHS; Rebin

o interactive commands. Update
M GNAM

ROD
y B | ow L commands
ROS — M ——* Core * ¥ OHS
! S A 4 <lit histos -
3 = - o
seL—e A el g2 T g| |2
\ AR E N il |
EF Bllel < ROOT =
+ \ Ad LA histograms vy |°
SE () Detector lugin lugin
specilic ‘ (gccgodc) FhiStO) OHP

m ?2? F. Zema, GNAM: brief overview and latest developments,
GNAM Project Meeting, CERN Jan 2006
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