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Introduction ATLAS Level-1
Calorimeter trigger
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Life at hadronic colliders is not easy ...

proton - (anti)proton cross sections
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LiCalo - a part of ATLAS L1 trigger

+ Level-1

+ Custom built HW (ASICS and FPGAs)

Calorimeters Muon Detectors

= Fixed latency <2.5 us, Accept rate ~75 kHz

+ Reduced granularity input

* Level-2
<+ CPU's

+ Full granularity for areas of activity marked
by L1 - Regions of Interest (RoI)
+ Latency ~40 ms, Accept rate~8kHz

* Event Filter (Level-3)
= CPU's

-+ Offline algorithms on full event
+ Latency~1s, Accept rate ~800 Hz

* Level-1 trigger:

+ L1-Muons
+ L1-Calorimeters (L1Calo)

¢ L1-Central Trigger
* eee
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Li1Calo- Event selection

Hard final state objects in an event:
* e/yand t/h objects
* Jet candidates

Global event properties:
prop ae
» Scalar E_sum Gmmil
T =z=) Hadronic
. . ?‘ calorimeter
+ M|SS|n9 ET / -H“'“'-Electmmagnelic
L calorimeter
Trigger towers (An xAg =0 1« 31}
> _
JCT Sum ET [{ Vertical sums | | | giggtriour:?%raetlc
I
? == Horizontal sums . Hadronic inner core
Local maximum/ and isolation ring
Region-of-interest

* Sends to Central trigger:
= Multiplicity of electrons/photons, t's and
jets passing E_ (and isolation) thresholds

~ Thresholds passed by Total and Missing E_

* Sends to Level 2 trigger:
~ position of RoIs = if L1 misses an object,
it is lost twice !l
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Li1Calo

- HW implementation

* Pipelined, synchronous
system with fixed latency

* Several processing stages

* Highly parallel, mainly FPGA
based

* Mostly custom electronics:
+ ~300 VME modules of 10

types housed in 17 crates

Main parts:
* Preprocessor:

= Conditioning and calibration of
analog signals, digitization,
bunch crossing identification

* Cluster processor:
+ Electrons/photons, taus
+ Jet processor:

- jets, Scalar E_sum, Missing E_

Juraj Bracinik, 23/4/2013

Digitized
transverse CPM Bﬂﬁkplane
energy Cluster _CMM
on Processor amerg"l'g s
alorimeter ke 56 modules JS.rmodules)
signals i g
‘"7200!' PreProcessor] ©
124 modules [, | _"
g P Hit counts
s ackplane and E
N CMM T
= . results to
P ;;ﬁ":r?y Merging L Central
MOCUIES 14 modules | Trigger
| Processor
Real-time
data path ) Ly \ ity
Readout Readout
Driver Driver
14 modules 6 modules
Readout Region-of-
data interest data
to DAQ to Level-2

Proud part of ATLAS trigger

CHEF 2013

system ...



Calibration and operations
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Pulse conditioning and calibration

nepr-=»
-

PreProcessor Module

|~
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Analogue receivers:
* variable gain amplifier
+ E - E_conversion (where needed)

» E_calibration -
Digitization:

* 40 MHz, 10-bit FADCs

* timing at ns level -

* Resolution ~0.25 GeV/count

Bunch Crossing ID:
* assign sighal to correct bunch crossing
* Linear digital filter
* special treatment of saturated pulses

Look-up table (LUT):
* pedestal subtraction
* noise suppression
* killing of noisy channels
+ 8-bit output for algorithmic processors

CHEF 2013



Timing - Introduction

+ Signals from individual calorimeter cells
summed on detector into projective Trigger

HTIIHLA
Towers (:;':1') Calorimeters J (nadronic)

* Analogue signals routed using 30-70 m long - (*
. . Analogue Su
twisted pair cables (4.76 ns/m) = defector _ _ &= ——
. . . . —— ~7200 analogue links Twisted pairs, <70 m
* Signals at input of L1Calo need to be aligned in e % ————————
. . n
time and sampled at pulse maximum: USA15 Bivea
£250 ATLAS Prefiminary 1y Pre-processor
S T ] Frmn LD FADC To ROD's
& 200/~ — (for DAQ)
150:— =
C ] 8-bit jet elements B-bit trigger towers
100 :_ _: Serial links
C ] (400 Mbit/s)
50} { iy Jet/energy processor CPM's
- . EMshadronic 2x2 sums||| 7%, To ROD's
A R R SR PR N B errm B - (for DAQ)
% 50 100 150 200 250 300 350 is;mpﬁ :::::r:u DAQ) '
time [nS] > . T
+ Variations due to: PERER"] [Counting] | cumrs
. Er ,
+ Different cable lengths sumsl dets]  |Rots b 0.
. . . . L1 muon
< Individual channel variations trigger \ A
+ If mistiming large, signal (event?) lost g L !

+ Smaller mistiming may mean wrong energy

measurement
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Timing adjustment

ATLAS Prelimina
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* Full timing corrections on the level of 10 BC's

* Timing done in several steps:
< Calibration (pulser) runs
<~ Beam splashes
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* Final corrections are extracted from collision data:

~ Fit signals with function describing expected pulse shape
~ Determine timing corrections for individual Trigger Towers

n (EM layer)

~ After this correction timing known (for most towers) at the level of +2 ns
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Fine Time [ns]

Juraj

Timing stability monitoring
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* Regularly checked on several levels:

< On-line monitoring
+ Off-line monitoring
~ Dedicated offline analysis
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* Very stable during 2012/13 data taking, visible shifts in global timing
between runs corrected for whole of ATLAS by Central Trigger
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Energy calibration with pulser I

+ Number of ADC counts does not

immediately translate to energy in
GeV (1 FADC count =0.250 GeV)

| %2/ ndf 4.2/4

(V)

o

o
I

+ E_used to get to energy scale

+ Implemented in receiver gains
+ Use dedicated pulser runs
* Calibrate with respect to energy 150}
measured in calorimeter readout
(more precise than trigger L ,
readout) ; e
+ Several energy (pulse amplitude) S
steps i

E, Calo [GeV]
()%
o
S

ATLAS preliminary

offset 0.023 + 0.04
slope  0.83+ 0.00045

<~ Compare energy seen in calo
readout and in L1Calo Trigger
Towers

+ Calibration factors determined
in of fline analysis
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Energy calibration with pulser IT
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* Calibration (pulser) runs taken weekly S 50

* Analysed automatically on CAF 40
* Using receiver gains to:

30
< Obtain stability of response in time .
+ Correct for non-optimally performing
hardware 10
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Energy calibration with pulser ITI

* Using pulser runs to correct for
most of hardware effects:
+ Dead/noisy cells ATLAS P

reliminaz
. . -c:.. LI L IS LI L N B R N BB 0_025
Rgduced HV m.Lar' S 60~ I E
+ Tile modules with reduced = = o .
= s0C 1"—0.02
response = - ol ]
c - - _
- .. 4 - | - i
L . = 40 . 1 —0.015
* Picking up corrections used by : e | - .
calorimeters in reconstruction 30t B 801
of calibration runs 20[- . E =
* Typical cycle of weekly - . W, 005
calibration updates (if needed) 10 = _.- :
- || | =] ]
0 111 | L 111 | 111 | | | I | L1 11 | 1111 | 111 | | | | | 11 1 0
. . . -40 -30 -20 -10 O 10 20 30 40
* Occasionally aiming at higher 1 bin (EM layer)

precision or faster turn-around:
<~ LAr HV corrections calculated
using dedicated set of scripts
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Quality of energy calibration
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+ Final E_scale obtained using final set of pulser-to-physics corrections

+ Correcting for difference between pulser and physics data

~ Determined in of fline data analysis

+ O(1%)
+ Updated typically once for running period
* Quality of calibration is checked regularly in monitoring and offline analysis
* Everywhere better than ~2%
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Trigger performance
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ATLAS Trigger Operations (Aug. 24, 2012)
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Luminosity (10% cm2 s)

* Good energy scale uniformity, sharp turn-on
* Rates of local triggers (e/gamma, tau, jets) directly proportional to

luminosity

*» For global trigger (like missing E_) see strong pile-up dependence
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Pile-up effects T
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* Pile-up effect strongest at:

Trigger Rate per bunch [relative to BC 141]
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Bunch Crossing ID

* High n (forward calorimeters, n bin 4 closest to beam-pipe):

~ large occupancy
= Large tower size
* Beginning of bunch trains:

+ baseline shifts due to out-of-time pile-up
= (Later in the train positive an negative parts of calorimeter pulse

compensate each other)
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Rate [kHZz]

Pile-up effects IT

—— L1_EM16 —=— L1_EM16VH —— L1_EM30 ATLAS
— | | | L1_TAU16 L1_XES0 —— L1_XES0_BGRP7 Trigger Operations
L T T = —— L1_J75 L1_FJ75 L1_4J410
I y& = TTaV (Aug. 08 & Sep. 07, 2011) = §TaV . 15, 2012, = 7TeV (Oct. 25, 2011
104 E éTL?? Iz/rellmenary = 1;:;:22:: gf:; lﬂlﬁ'ﬂ.ﬂﬁhi’f‘ 12l’rgains. ;Unt‘[ﬂrﬂﬂ buncries] ‘Eo lralans I[1|'J=bunchas]]
- S: e - E :_' T I T T T T | T T T T T | T T T T T T T T | T T T
- o 2011 L1 Missing ET ] 210 L Frmmmm——— | T | e e __
i A Loose forward Noise Cuts I i E
[ - i L ] —
10° o Tight forward Noise Cuts — 5 - S T
- - b [ AT —]
- No FCAL = 3 'E 5
L - & C ]
- = - = -
o soemimia| 1kHE
— — 210" E =
107 E 3 FoE 3
B 7 - T T T "hhoomz
- -1 10—2 E_ ...................................................................................................................................................................... _E
10 - = 3
I I I i 1 I - B 1 I 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 ]
0 10 20 30 40 50 5 10 15 20 25 30

{u} interactions per bunch crossing

Missing Transverse Energy Threshold [GeV]

+ Rates of missing E_ very sensitive o noise cuts in forward regions

* Currently main tool o keep rates under control
* Increased couple of times during 2012
* Optimized for beginning of bunch trains
* After LS1 plan to use in addition pile-up optimized filters
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Upgrade plans
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Time-scales

and boundary consitions

* Two windows for major
changes to calo/trigger
electronics:

- LS2 (~2018)
-~ LS3 (~2022)

* Ultimate goal - digital trigger
with full signal granularity
from all calos (LS3)

* Partial upgrades possible in
LS1and LS2

= Time for system development
and commissioning very short,
need to do it in parallel with
running working system

Juraj Bracinik, 23/4/2013
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The LHC Timeline

< LHC startup. Vs = 900 GeV

Ws=7~8 TeV. L=6x10** cm 51, bunch spacing 50 ns
~20-25 b

Go to design energy, nominal luminosity

"Js=13~14 TeV. L~1x10%* cm 5!, bunch spacing 25

ns ~75-100 b

Injector and LHC Phase-1 upgrade to ultimate design luminosity

Ws=14 TeV. L~2x10% cm-2s-1, bunch spacing 25 ns

~350 fby?!

HL-LHC Phase-2 upgrade, IR, crab cavities?

\s=14 TeV, L=5x10% cmr? 1. luminosity leveling

Will concentrate on upgrades

happening now (LS1)

CHEF 2013



Quality of input signals - nMCM

v
16x
4x ADCs: 10-bit, 0MHz (AD9042) » ASIC: trigger algorithms (BCID, E; calib., etc)
PHOS4: 1 ns time adjustment 3x LVDS-Tx: 480 Mbit/s

16x

16x |

analogue trigger-tower signals

» FPGA: Xilinx Spartan-6 (XC6SLX45-3CSG324)

16x
|—> CALIPPR = Calorimeter Information Pre-processor

* Input signal conditioning, digitization and filtering done in

PreProcessor daughterboards - Multi-chip-modules (MCMs)
* All being replaced by new FPGA oriented design (nMCM):

~ Better signal conditioning

~ Better pile-up filtering

~ Better BC identification for saturated pulses

= Possibility of FADC sampling at 80 MHz

= More flexibility
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Changes to trigger object treatment I

Jet/EM/Tau Processors Jet/EM/Tau Processors

: ! | CMX to CTP:
Analog i j,_:L_L i %l Threshold
igi ’ ’ Analo Itiplicities
Digital tower ! ; 9 - multip
1-3\:12'. or j%t element i 4 Backplane: i CMM to CTP: Tower Dl.g‘tal bl | J. Backplane: |:>
sums (0.1/0.2) | (i} Threshold | Threshold sums Bl Tiiiier pEtacE
(0.1) 10.2) T : eshol ©0.1) sums (0.1/0.2) E | Trigger objects
[:> Pre- : M| multiplicities i multiplicities Pra M (TOBSs) e
- | E— ) o L1Topo:
Processor ':> é ——— |:> —> Processor é Llel
lle : |8
M .
Rols to HLT: Rols to HLT:
Coordinates Coordinates
and threshold bits and threshold bits
L1Topo result

bits to CTP

* Currently trigger objects are found in trigger processors:
= Multiplicity of each threshold used in L1 decision
~ Details (E.. and position) used by L2

* Plan o make energy and position available for L1 decision:
= Increased bandwidth over processor crate backplanes (new
firmware)
+ New summing modules (CMXs)
~ New topology trigger (L1Topo): one crate with few custom boards

= Using muon objects in addition
Juraj Bracinik, 23/4/2013 CHEF 2013



Changes to trigger object treatment

* Improvements to inclusive EM
and tau triggers:
~ Fine threshold granularity in
eta (thresholds adjustable
with step of 0.1)
~ Better treatment of EM and
TAU isolation (LUT instead of
fixed-value cut)
* Use of topological triggers on
Levell:
+ Delta phi, eta triggers
+ Trigger on transverse mass
= Overlap removal
= Topological jet combinations
= Topological combinations of
jets and EM/TAU/u objects

g
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Rate(Trigger With EM Isolation)
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Examples
A®D, An /E/T
v
7
Isolation, Transverse Mass,
overlap removal, H, M, ACD(jet,ﬁ/T)
b-tagging... Fat jets
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LiCalo after LS2

Barrel ]
“-—-...__ :
MuCTPi Muon trigger

Endcap

|

Digital EM

information
(0.025x0.1

& 0.1x0.1)

ey
Topo
Jets,

B CTP
Digital
Analogue -

EM {01 x0.1 ] . Hadronic
\ (0.1x0.1) New L1Calo FEX

Analogue Legacy

TileCal Hadronic —» Preprocessor Calo trigger
{0.1x0.1) system information
|

Phase 0 L1Calo

A possible architecture of new, digital trigger to be installed
during LS2 ...
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Conclusions and outlook

L1 Calorimeter trigger is an essential part of
ATLAS trigger

* Based on custom hardware

* Optimized for speed

> As much parallel processing as possible

A lot of effort went into ensuring its efficient
operation and good calibration...

Rich upgrade programme
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