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e ATLAS Muon Spectrometer before Phase-lI
o Three stations of Resistive Plate Chambers (RPCs)

e Phase-ll Upgrades

O

Trigger
Three stations of Monitored Drift Tubes (MDTs) in

Introduction

In the barrel
Three stations of Thin Gap Chambers (TGCs) in the = =v°™
end-cap

RPC/TGC used for hardware based Level-1 (L1)

narrel/end-cap for tracking

- TGCs

EOS

New Small Wheel (Micro-Megas + sTGC) before

magnet for tracking and trigger (Friday session)

New RPC chambers with increased rate capability

n Bl station
New sMDT In the BIS stations
New TGC triplets In the ElL4 station

ardware-based trigger now called Level-0 (LO) :
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https://indico.cern.ch/event/868940/timetable/?view=standard#b-381753-operation-performance

| Upgrade of trigger and readout electronics

e Readout: The system must

comply requireme
Trigger

nts of LO

o Higher readout LO rate (1 MHz)
o Longer latency (10 ps)

o Trigger:
o Sharper efficiency

turn-on-curves on thresholds
O Suppress fake trigger rates

e Trigger and readout chai
o All the hit data sent off

Hits l l Enel

TGC ] NSW [ RPC (BIS7/8) [ Tile ] MDT
l Hits
Hits [NSW Trigger Processor] Hits Energy rFlag Hits
l Track Segments
A4 \ 4 v \ 4
[ Endcap Sector Logic ](—)[ MDT Trigger Processor

(-——)[ Barrel Sector Logic }

Track Candidates l Track Clindidates

Level-0 MUCTPI

n of RPC/TGC trigger chambers will be replaced
-detector for trigger processing

e MDT electronics chain completely redesigned

o MDT data avalla

nle at LO to |

e Sector Logic boarc

s and MDT Tri

track reconstruction
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| LOMuon Barrel Sector Logic

ON-DETECTOR OFF-DETECTOR

BO RPC \
FELIX
\ BARREL
LOGIC
BM RPC / I
/ MDT
TRIGGER PROCESSOR
BI RPC

e Nine RPC planes (3xRPCO,
2XRPC1, 2xRPC2, 2XxRP(C3)
e 32 sectors along ®

TILE CALORIMETER
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e New BI RPC station: trigger coverage
Increased by 20%

e Data Collector Transmitter (DCT)
on-detector boards sends full RPC hit
data to off-detector barrel Sector logic

e Tile calorimeter improves trigger
coverage

e Trigger algorithm
o Option 1. Coincidence algorithm
o Option 2: Neural Networks based

algorithm




_ ATLAS-TDR-029
| | OMuon Barrel Track Reconstruction ATL-DAQ-PROC-2020-008

e Option 1. Coincidence Algorithm e Option 2. Deep Neural Networks

o Baseline trigger scheme evolution of current o ATLAS divided into two sides in n (n>0, n<0)
scheme (80% efficiency) Mappingis n, . vs. RPC layer

o Check for coincidences in encapsulated windows Infinite p, muon represented by vertical lines

o 3/4 chambers + BI-BO scheme for all p. thresholds A ternary convolutional neural network (tCNN) is set up,
(96% efficiency) outputting five parameters

o Option to apply BI-BO only to regions with
acceptance holes in BM (15% barrel)

O O O
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: most inclusive (higher fake rate is expected)
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https://cds.cern.ch/record/2285584/files/ATLAS-TDR-029.pdf
https://cds.cern.ch/record/2709652

| LOMuon Barrel Performance

e Preliminary studies show that both algorithms are capable to reconstruct muon
candidates with similar performance, within the latency requirement of 1us

e The required logic fits In the chosen SL FPGA in both cases

e SL and DCT prototypes foreseen by end of 2020
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| LOMuon Endcap system

M2,M3 Doublets (1/24)
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ATLAS-TDR-029 ATLAS-TDR-026

New Front-end electronics transmits all
nits to Back-end (better performance)

Data processed by 48 Sector-Logic
noards

-ull TGC hit
TGC SL calcu
o, angles
Coincidence with detectors before
tororoid magnets (less fake triggers)

orecision available at LO
lates muon p. by measuring
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https://cds.cern.ch/record/2285584/files/ATLAS-TDR-029.pdf
https://cds.cern.ch/record/2285580/files/ATLAS-TDR-026.pdf

ATL-DAQ-PROC-2019-027

| LOMuon Endcap Track Reconstruction

e Pattern matching algorithm divided
Into two stages

#1: Take local coincidence

within the station M1/M2/M3

= define "Position"” and "pt"

M1 Coincidence ~

: - Input Output
Hit ch: B B B & M1 Position ID: 3 (Position ID, 16 bit) | (Track segment, 18 bit)

M2 Coincidence
Hit ch: B C - M2 Position ID: 4 1 3 4

U

Position,, a;, pt threshold,

M3 Coincidence
Hit ch: C C = M3 Positon ID: 5

~6 million patterns in total corresponds to
~30% of the resource of XCVU9P
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#2: Refer "predefined” Look-Up-Table (hit pattern)

1. Take a coincidence of TGC hits
within each station, M1, M2 and M3.
2. Extract track parameters from LUT
Indexed by coincidence pattern
e Test irmware under development,
tested with a Xilinx XCVU9P FPGA
'8350:"I'"‘I'."'-I"".I'-'"I""I""I'T
E 300 i_ ATLAS Simulation Preliminary 3
2250 siaeneris [ E
'_,E 500 f_ One hit on each layer E
L E Mean: -0.1 + 0.1 mrad
150 — RMS: 2.4 0.1 mrad g
100 [ - =
50 [ 1 =
0:..1...11.,.._L.IT..|....|1...|1...|,r
30 -20 -10 0 10 20 30 8

AO [mrad]


https://cds.cern.ch/record/2692987/files/ATL-DAQ-PROC-2019-027.pdf

ATL-DAQ-PROC-2019-027
| LOMuon Endcap Performance

e New algorithm shows a higher efficiency than the current system.

e The LO rate for the endcap single muon trigger, for a 20 GeV pT threshold, i1s less than 30

kHz.
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| LO MDT Trigger Concept

e MDT trigger consists of 64 sectors, 32 in the barrel and 32 in the endcaps
goer receives up to three trigger candidates from SL (seed for finding muon track with

o M
M
o M

reconsi

T
T

D

Tr]

N|

N1tS
ts compati
‘ruct muon track segments In each M

) per sec

LOI

nle with SL candidates In t

L

Hits| Energy

Flag

Track Candidates

M UCTPI Enhanced PT
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Hlts Trigger

Processor

Track Candidates

me (BCID) and space (Rol) are used to

DT station

e MDT Segment information 1s combined to
compute refined muon p, and n
e MDT track candidates sent back to SL and

then to MuCTPI

readout

f LO acceptance arrives, the MDT Trigger

.
Sector Logic - MDT Trigger Processor sends all MD

hits to FELIX for

10



| LO MDT Segment Finder algorithms

Associative Memories Legendre Transform Compact Segment
(AM ASIC) (FPGA) Finder (FPGA)
' b _Ima bty
. . - V14 m?
ThE EE N =
e 1 1= B =
pattern 2 }_.? f }__! [ }_! ______ [ v %
o l("ﬂ L_"H:M IIIII- ______ [” =
”/T:R“ '/\,?Iﬁﬂ:/\‘[ﬂ:ﬁu_f!\-‘“"_-_--\V[/.;::u. il = Segment Segment
“ Wﬂ - --- i Candidate Candidate
sSD SSID SSID SSID o r =2z cost + Rysinf & "“driff »
6 m m
Pattern recognition using 2D scan over position and 1D scan only over position by
precomputed pattern banks direction around SL seed using SL seed for direction
Require different hw Candidate r, 6 given by most x fit for final segment
architecture (AM ASICs) populated bin parameters and quality
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| LO MDT Track Fitter

e Muon p. is calculated using the reconstructed MDT

segment coordinates

e Depending on the number of stations with valid
MDT segments, muon p. can be estimated as a

function of the sagittas ort
o 3/3 stations - Sagitta. Definec

as the distance in the bending

the middle (inner) chambe
connecting the other two

o 2/3 stations - Deflection Angle. Def
angle difference of the two segmer

- fro

0

]

ne deflection angle AB
in the barrel (endcaps)
ane of the segment In

the straight line

—~

ned as the polar

LS

e @, n corrections take into account distorsions in the

magnetic field
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Sagltta Method
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' LO MDT Performance
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ATLAS-TDR-029

ATLAS

Phase Il upgrade study
Vs = 8 TeV, 25 nsec data

f

3 station MDT trigger is applicable (75%)

- MDT trigger (3 stations)

Matched to offline muon with [ 20 GeV

Expected Phase-l Trigger Candidates for which

| -

I
N
I
—

e MDT Trigger provides improved selectivity for muon p, around the threshold, keeping

a high efficiency plateau

e Rate reduction is between 50-70%, depending on the detector region and considered

threshold

e Firmware under development, preliminary results show feasible resource usage and

atency
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https://cds.cern.ch/record/2285584/files/ATLAS-TDR-029.pdf

' Conclusions

e The upgrade of the ATLAS muon spectrometer readout and trigger electronics
constitutes a great challenge
o Majority of front- and back-end electronics will be replaced
o All data will be transmitted off-detector for trigger processing with full hit precision
o Increasing in latency and output rate

e Three main components of LOMuon system
o Barrel Sector Logic: constructs muon track candidates out of RPC and Tile

calorimeter hits.

o Endcap Sector Logic: constructs MTC using TGC hits combined with data from NSW,
Inner RPC Small sector and Tile calorimeter
o MDT Trigger Processor: refines SL candidates measurements using hits from MDT

detectors
e Several algorithms u
e Preliminary studies s

nder study to perform trigger decl

now good performance and feasi
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| LOMuon Trigger System

e Three main components:
o Barrel Sector Logic: constructs

muon track ca

OU

hit

ndidates (MTCs)

t of RPC anc
S

Tile calorimeter

o Endcap Sector Logic:
constructs MTC using TGC hits
combined with data from NSW,

Inner RPC Small sector and Tile

calorimeter
o MDT Trigger Processor
(MDTTP): refines Sector Logic
(SL) candidates measurements
using hits from MDT detectors
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-ndcap Sector
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Track Clindidates

Logic will sh

1nx Virtex L
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Track Candidates l Trac
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are the same hardware
ltraScale+ XCVU13P
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ATLAS-TDR-029

| LOMuon Barrel Standard Trigger Scheme

o Baseline trigger scheme evolution
of current scheme (80% efficiency) BO RPC3
o Check for coincidences in encapsulated
windows BM RPCE
o 3/4 chambers + BI-BO scheme for all p, e
thresholds (96% efficiency) B\ RPCO

o Option to apply BI-BO only to regions
with acceptance holes in BM (15% barrel)

BM1-BM2-BO: current trigger
3 out of 4: including the new BI station

: : most inclusive (higher fake rate is expected)
0 0.7} _
=3 .. ATLAS Simulation = .
CoE § Tuoekdp_<20GW 2 o Stable and reliable, scood performance
= § | < 1.05 = L
sk ;o Yigemes.omo * Laveats:
02F ¢  3/4 chambers with BOhits o Windows must be tuned by “hand”
0.1 = . . . . .
OA??% o Pointing to primary vertex (no displaced muon trigger)
0O 10 20 30 40 50 60 70 80 90 100 ]
p_[GeV] o Muon p.determined from Look-Up Tables
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| LOMuon Barrel DNN Trigger == —————————="""

e Alternative algorithm based on Deep Neural COCTEC LD LT LT DT T T T e D g daublet
Networks o
e ATLAS divided into two sides in n (n>0, n<0) e e e
e Mapping is Netrip VS: RPC layer _—
o Infinite p. muon represented by vertical lines Pt finite p !
o A ternary convolutional neural network (tCNN) isset  _ oo oo _
: > — ATLAS Simulation Preliminary = k5
up, outputting five parameters S, fg tCNN 1 05 =
o 19F E £
2 16¢ 4 —os &
5 14F = 2
(pTlead nlead stublead nsublead nmuo s) &, 12;_ E| | :>j
10 —
. . 8- 0.2
e tCNN implemented on an FPGA using the HLS4ML tool 6 =
4F 0.1
2 —
ATL-DAQ-PROC-2020-008 0F |
0 2 4 6 8 10 12 14 16 18 20 22

True o [GeV]
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https://cds.cern.ch/record/2709652
https://fastmachinelearning.org/hls4ml/

New ASD . H&LE&&J”*

| MDT Electronics Upgrade

IBM/GF technology.

MDT Trigger Processor 7k chips from the

refines p. measurement engineering run are
T presently under test.

Dimensions are 3.38 x

2.26 mm

L ? 2.26 mm?.
MDT R/O architect. in Phase-II { [rrcoroc
i | Sector Logic
Ran : MDT Data Processor W R T
Hit Segment Track Sector o A
st ASD| [ 1DC ™1 Extractor ™™ Finder ™ Fitter New TDC ' £% 5 ‘l
Tubes : s s F R
s . e -
e THigaer chalh 24-channel TDCin 130 nm TSMC  [EIIE & = ig
technology. = i{
: MuCTPi A fully functional prototype is = E R e
exp. hail counting room presently prepared as production [ B
- prototype for a MPW run. ' o .

New ASDs and New CSM for -F ELIX
TDCs support low-latency Irigger
higher R/O R/O & high

bandwidth  bandwidth |
R. Richter, TWEPP2019

Davide Cieri - davide.cieri@cern.ch - ICHEP 2020 - 28/07/2020 19


https://pos.sissa.it/370/146/pdf

| LO MDT Trigg

] oo

Fiber Out

-

Fiberin [_

SDRAM

Command Module
Service Module

*E. Hazen, APOLLO A Modular ATCA Platform,
TWEPP2019
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er Demonstrator

e A first MDTTP demonstrator board is currently
under testing
e Modular ATCA design based on the APOLLO
framework
o Service Module (SM): infrastructure, control and
powering
o Command Module (CM): processing unit, FPGAS,

Optics, application specific

e SM sa
avalla

il

0

e for all applications, prototype already

IS

e CM specific for LOMDT developed, currently under
test at industrial partner facility

20


http://apollo-blade.info/
http://apollo-blade.info/
https://indico.cern.ch/event/799025/contributions/3486429/attachments/1901337/3138737/APOLLO-Hazen.pdf
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| LO MDT Trigger Demonstrator

I High-speed connectors
ﬁ TRy | (total 4x 10Gb/s)
Front-panel ; ?j L ' , Wi
Board D v

(Console, LEDs,
uSD card)

Ethernet

Switch B v i
= (Wisconsin) Voot A e i o S

h A00ZNNIT SILIND

KINTEX

IPMC pimm
= (CERN or
R4 Wisconsin)

MPO24 x 12
Optical Feed-thru
(two per blade)

DC to-DC
48V to 12V

-

| S3NRIRAREL g

EEY!“ X!’L!L.

4 . Tasag : E 3t %
wm:;':.a,:\&i}k‘ﬁi a!kﬁﬂlem‘!{s{!'{",o' . - R 10110 -
e R T i

FireFly

(under heatsinks)

NE

BT, =
Mo PR i 190
‘“““ll}!’!l‘l “

— Power & PIM
Low-speed

Connectors

Command Module (Cornell) Service Module (Boston U)

e SM boards already available since one year. Used and tested also in other projects (CMS tracker)
e First CM prototype currently being tested at proDesign (delivery July)
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| LO MDT Trigger Dataflow

= [3) .
MDT Outer Station 5 . | " FELIX Tx
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Hog

| LO MDT firmware design workflow

e MDTTP firmware requires a complex design, with inputs/outputs from/to several other
system in the ATLAS system (Sector Logics, MDT CSM, FELIX)
e Workload divided between the participating institutes
o Several developers and three languages (VHDL, Verilog, HLS)
o Workflow eased by use of Hog tool to coordinate firmware development and guarantee
results reproducibility and traceability
e Main processing parts already developed and under testing
o Hit extraction, Segment Finders, Track Fitting
o Preliminary results show relative low resource usage
o Complying with the requirement of processing at least three muon candidates per
sector, within the latency budget of 1us
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