Endcap muon trigger upgrade

and possible extensions at ATLAS
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Nagoya’s Commitment: Thin Gap Chamber (TGC) 323

 Multiwire proportional chamber

* Primary role in muon trigger
e Height: ~25 m
e Channels: ~320,000




2022 — 10 Years after the Discovery 4123
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https://home.cern/events/anniversary-discovery-higgs-boson

Run 3 Started on 5 July 2022 5123

Bdn. 427514 '
. Event: 683190938

; 5552%07_%7'04;33:49 CEST

https://atlas.cern/Updates/Press-Statement/Run3-first-collisions https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun3Collisions

Accumulation of data samples of proton-proton collisions at 13.6 TeV



Next — HL-LHC 6/23
| | Run 2 Run 3

136 7oV 15614 Tov

13 TeV —— ) ee— ——————————— energy
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8 TeV splice consolidation cryolimit LIU Installation _ _ HL-LHC
7 TeV e button collimators interaction _ inner triplet installati

— @ 0V R2E project reg|ons Civil Eng. P1-P5 pilot beam radiation limit Instaliation
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ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS |/
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/m m m integrated EASURIE
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Luminosity upgrade: 2 x 1034 cm-2s-! = 5-7.5 x 1034 cm-2s-|

Start of the operation in 2029



Physics Prospect for HL-LHC (Selected) 7123

Di-Higgs production for self-coupling measurement 7

K\ //
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https://cds.cern.ch/record/2802127
https://indico.cern.ch/event/1135177/contributions/4878400/attachments/2474236/4245433/Brost%20-%20Higgs@10%20-%20Prospects.pdf
https://cds.cern.ch/record/2802127

Technical Design Reports (TDRsS) 8123

Six TDRs (~2600 pages) approved by CERN Research Board in Apr. 2018

EXPERIMENT EXPERIMENT

Inner Tracker Inner Tracker

LAr Calorimeter

Pixel Detector Strip Detector

ATL-TDR-027
ATL-TDR-030 ATL-TDR-025
271 pages
482 pages 556 pages
Y. Horii: editor ATLAS .
: M. Corradi: main editor T e(.j'tor .
Tile _ M. Corradi: materials
and 1st project leader
Calorimeter
| Muon ATLAS Trigger & DAQ
ATL-TDR-028 " @8 ATL-TDR-026 ATL-TDR-029
300 pages i 408 pages 608 pages

Technlcal DeS|gn"Report

Another TDR provided and approved later for High-Granularity Timing Detector [ATL-TDR-031]



Upgrade of the Trigger and DAQ System 9/23

Extension of the trigger latency — improved selectivity

Extension of the trigger and event filter rates — more events to later stages

LHC ATLAS HL-LHC ATLAS

Trigger latency 2.5 ps 10 ps
Trigger output 100 kHz | MHz
Event filter output | kHz 10 kHz

( Muon Calorimeter Inner Tracker )

Electronics upgrades are

4 )

essential for the extensions Trigger

of the latency and rate - g

Buffer

Data transfer



TGC Electronics for HL-LHC

All TGC electronics boards will be

replaced except for the ASD boards.

All hit data will be transferred
from on-detector boards (PS boards)
to off-detector boards (SL boards).

Muon tracks are reconstructed
in modern FPGAs on SL boards.

M2,M3 Doublets (1/24)

62 %2 '54/

Total:4318 channels

M1 Triplet (1/24)
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TGC System for HL-LHC /23

Detector channels 320k
ASD boards 23k
PS boards 1434
JATHub boards 148
SL borads 48

Newly developed




PS Board — Overview

» PP ASIC receives the LVYDS hit signals
from the ASD boards and align the timing.
Each hit is assighed to a bunch crossing.

°» FPGA collects the hit data of 256 channels
and transfers them to SL boards
with 8 Gbps x 2 optical connections.

> FPGA controls the ASD boards

and the components on the PS boards.

> ~7W (| board), ~10 kW (all boards)

BRgIRd. 528
A FE
B« i 8 AN RN
F

12/23

Hit data to SL boards (8 Gpbs x 2)
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Hit signhals from ASD boards

Pre-production started in 2021



PS Board — Challenge 13/23

In order to establish a robust system, we use commercial-off-the-shelf (COTS)
products for PS boards wherever possible.
Challenge: confirmation of the radiation tolerance of COTS products!

Simulation of radiation level Safety factors
(Total lonising Dose, TID) * SFiim: safety factor for simulation uncertainty
PS board: 6 Gy at HL-LHC * SF4r: safety factor for low-dose rate at actual experiment

* SFio: safety factor for lot-to-lot difference and difference in lot

Total lonising Dose [Gy]
for 1000 fb-1

SFsim SF4r SFot
TID | NIEL | SEE | TID (COTS) | TID (ASICs) | NIEL | SEE | All (COTS) | All (ASICs)
1.5 2 2 -5 1-1.5 1 1 14 1-2

Example: SF for FPGA TID: 1.5 x 5 x 4 = 30, requirement: 180 Gy




PS Board — Radiation Tests 14/23

Total lonising Dose (TID) Non-lonising Energy Loss (NIEL) Single Event Upset (SEU)
Gamma irradiation test Neutron irradiation test SEU measurements and
at Nagoya Univ. (16 weeks) at Kobe Univ. (6 weeks) recovery Demo. at CERN

* Requirement: 180 Gy t: 1.6x10'2 n/c ‘ 9.8x102 /cm25!

. .‘
V]
4

-
Bat L=7.5x1034%

e

-

N W

Nagoya leaded and completed intensive radiation tests!



SL Board — Overview 15/23

Large-scale FPGA
e Xilinx XCVU13P

* Trigger and readout functions
e Control/monitor on-detector boards

Optical transceiver
e 120 pairs of TX and RX lanes of FireFly

' | * Receive detector signals and
== | transmit trigger and readout outputs

IPMC mezzanine card
* CERN-developed IPMC

* Control/monitor power supply

W = =y il MPSoC mezzanine card
ol ) 1| MG L * Enclustra Mercury XUS
TN e e e Control/monitor the FPGA

Form factor: ATCA

= @Anm ‘“’ \ ’.




SL Board — Prototyping

First prototype tested:

Second prototype development in 2023

Power up/down sequencing
Temperature monitoring

FPGA configuration and initial
trigger firmware test

FireFly loopback

MPSoC-FPGA connection
IMPC-Shelf manager connection

Clock recovery for fixed latency
(zero delay mode of Si5345)

TWEPP 2022

16 /23

Result of FireFly loopback test with Xilinx IBERT

9.6 Gb/s assumed max rate for SL

Unit interval (o< clock phase offset)
-0.5 0 0.5 BER

I5E-2

1E-3
i

5
i

Unit interval
(oc data voltage offset)

E-5

-12 E-6

Nominal point (dedicated measurement):
BER < 3.4 X 10*> (95 % C.L.)

18.0 Gb/s as a test of board capacity

Unit interval (o< clock phase offset)
0.5 BER

|5E-2

1E-3
i

5
i

[ERY

N

~ |
o
92
o

E-5

Unit interval
(oc data voltage offset)

E-6

_
N
~N

Number of error bits

BER (Bit Error Ratio) =

Number of transferred bits


https://indico.cern.ch/event/1127562/contributions/4904832/

Fast Muon Reconstruction — Design

“ . “ . | / SLR1
d
! : ! —
1 I R — )
Tile calorimeter / sir2
|
Endcap magnet
ﬂ’/', ]
7 ~—— NSW
_\I= | >
Z

Muon tracks reconstructed from TGC (EM) and selected with

17123

4 candidates

x 23 bits
x 37 units 4 candidates
BW TGC wire hit map 1808 bits Wire Segment = 3404 bits x 52 bits
after channel mapping ———> Reconstruction > x 13 regions
(Endcap 1) (BW TGC Endcap 1) Wire/Strip [ + 1 candidate
1 candidate | Coincidence so0ibits
x 17 bits x 22 regions
x 20 wnits | (BW T6GC = Bl LT
BW TGC strip hit map 896 bits Strip Segment = 340 bits Endcap 1)
after channel mapping Reconstruction >
(Endcap 1) (BW T6C Endcap 1)
3 candidates
x 124 bits
NSW track segment did = 372 bits
_ > 64 candidates > GTY for MDTTP
TileCal energy flag . SRV
BIS78 RPC coincidence i Inner > Track 3 candidates
»| Coincidence Selector x 124 bits
EIL4 TGC hits = 372hitS g ffer
> —>
(after formatting) ;‘;’r“d'xbec’_‘rgtw)
4 candidates
x 23 bits
x 37 units
BW TGC wire hit map 1808 bits Wire Segment = 3404 bits
after channel mapping ———> Reconstruction >
(Endcap 2) (BW T6C Endcap 2) Wire/Strip
1 candidate | Coincidence 4 candidates
x 17 bits x 52 bits
x 20 units (BW TG6C x 13 regions
BW TGC strip hit map 896 bits Strip Segment = 340 bits Endcap 2) + 1 candidate
after channel mapping ——> Reconstruction > x 50 bits
(Endcap 2) (BW T6C Endcap 2) X 22 regions
= 3804 bits
4 candidates
x 23 bits
x 16 units
BW TGC wire hit map 808 bits Wire Segment = 1472 bits
after channel mapping ——> Reconstruction >
(Forward) (BW TGC Forward) Wire/ Strip
1 candidate | Coincidence
x 17 bits 4 candidates
x 4 units (BW TG6C x 52 bits
BW TGC strip hit map 192 bits Strip Segment = 68 bits Forward) X 8 regions
after channel mapping ———> Reconstruction > = 1664 bits
(Forward) (BW TGC Forward)

inner

detectors.



Fast Muon Reconstruction — Firmware 18/23

Pattern matching — ultimate method (concept: M. Tomoto, firmware design: Y. Horii)

(DTake coincidence and output position IDs in each of three stations:
M1 (3 layers), M2 (2 layers) and (2 layers)

(2)Combine position IDs on three stations and obtain segment data
from FPGA UltraRAM where segment data are stored

Hit pattern list stored in UltraRAM

Position ID Track segment
M1 | M2 | M3 | (position, angle)

4 7 N2, 92

3
g1200>_<I1|0II|IIIl|IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIII—
= - ATLAS Simulation Preliminary ]
Ay 1000_— o
2/ - Single muon MC N .
§ 800— 20<pf;<100GeV % _
L C 1.05<Mm'| <24 \ T

600~ \ -
~ o =3.2mrad \ ]
400 \ -
200 \ -
| N |
011\\*\\!\\ A I
—-25 20 -15 10 -5 O 5 10 15 20 25

A6 [mrad]

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
LOMuonTriggerPublicResults#Performance_of trigger_algorithm



Fast Muon Reconstruction — New Method (1) "z

Fast muon reconstruction developed with machine learning (CNN) implemented in FPGA

The workflow shown in the following

Software Firmware FPGA
simulation simulation implementation
E Vivado ™ HLS

Tool y 2 hls 4 mi ' VIVADO'
| Tensor :

- \ ML training Convert to Convert to Implementation ~ Performance

Urpose .Json : model structure  c/c4 4 Verilog/VHDL evaluation

| .h5 :weight



Fast Muon Reconstruction — New Method (2) 2/

A compact CNN developed — the structure optimised for the TGC detector,

the parameters quantised, highly sparse network provided by pruning

______________________________________________________________________________________________________________________________________

2 layers 2 layers

e h ,
3 Iayers Masked Linear
. kernel <50,50> ! : : : : :
E M;(I)n'o? g 37 1 fCI:th-V::? 3>/ >Ltanh 5 4000 e
i MaskedL near - |
kernel <50,50> '
tanh )—»{ Masked Linear tanh )— #¥0 3 layers
Input. detector hit map ...« / cowip kemel: <50,50> i
l <50,2> 1 filter: <3,2> 2 I
l ayers

3600 M1
: 2 Iayers M3 Input ConviD
Feature Extraction <50,2> 71flte <3,2>

3400

x [mm)]

_____________________________________________________________________________________________________________________________________ 3200
R EEEEEEELD 30000 ~
Affine Affine Affine Affine GOut ut
kernel: <28,50> ReLU) > kemnel: <14,28> [—» ReLU)- kernel: <8,14> RelLU kernel: <1,8> > ; 5500
; bias: <28> <28 bias: <14> bias: <8> bias: <1>
Dense Net 13000 13500 14000 14500 15000

Z [mm]

--------------------------------------------------------------------------------------------------------------------------------------

Output: track angle



Fast Muon Reconstruction — New Method (3) #/z

O Successfully implemented in XCVUI 3P FPGA

O Angular resolution similar to minimum X2

O Latency < 100 ns

Normalized entries

NIMA 1045, 167546 (2023)

AB [mrad]


https://www.sciencedirect.com/science/article/abs/pii/S0168900222008385

Possible Future Extensions 22/23

The algorithms with machine learning could extend the trigger acceptance

for exotic signatures, e.g. close-by leptons, lepton jets, ...

N W+*
L Vy
a
9O pp5- .
G = = = - = = - 2 ¢
100—= - )
5 { Study ongoing...
Q 75
I_

TGC layer ID



Summary 23123

* The ATLAS experiment will be upgraded to fully exploit the physics
potential of HL-LHC.

* The TGC electronics will be replaced for larger latency and rate
of the first-level trigger. All TGC data will be transferred to off-detector
boards, and muon tracks are reconstructed in modern FPGA:s.

* Fast muon reconstruction with a pattern matching method was

developed as a baseline. Method with machine learning is under study.



Backup Slides



Physics Prospect for HL-LHC (Selected)

25/23

CERN-LPCC-2018-04

T ' T T T l T T

Vs =14 TeV, 3000 fb™' per experiment

ATLAS and CMS

Uncertainty [%)]
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https://arxiv.org/abs/1902.00134

Increase of Cross Section 26/23

‘Channel | 13.6/13TeV 14/13.6 TeV

H (ggF) 7% 6%
Run I: 7-8 TeV A 1% 7
tt 11% 6%
Run 2: 13 TeV HH 139% 20,
Run 3: 13.6 TeV ttt 19% 1%
| HC Desi 4 TeV SUSY stop (1.2—1.5 TeV) 20—-30% 14-19%
eslgh: € 7’ (5-6 TeV) 50-70% 30-40%
QBH (9.5 TeV) 250% 100%

Increase of cross section — large for high mass



27 /23

Challenges for HL-LHC

High luminosity, high pileup (high number of proton-proton collisions
per proton-bunch crossing), high radiation level

o Total lonising Dose: maximum 20 MGy
Plleup 200 | MeV neutron Eqg. flux: maximum 2.6 x 10'¢ cm-2

ATLAS

EXPERIMENT

HL-LHC tf event in ATLAS ITK
at <u>=200

| ||||-
—e
o
"'h.J

—k
)
(=)

total ionising dose [Gy]

—k
-
@

' !gg A \
: z:;z:tfffrrm_f! biisinidimiasaanssiiifi

oL———t s L b L 10"
0 50 100 150 200 250 300

Top quark pair
simulation




ATLAS Upgrades for HL-LHC 28/23

New Inner Tracking Detector

e All silicon with at least 9 layers up to |n| =4

e Less material, finer segmentation

New Muon Chambers
* Inner barrel region with RPCs, sMDTs, and TGCs

* Improved trigger efficiency/momentum resolution

and reduced fake rate

High Granularity Timing Detector (HGTD)
* Precision time reconstruction (30 ps)
with Low-Gain Avalanche Detectors (LGAD)

* Improved pileup separation

Upgraded Trigger and DAQ System Electronics Upgrades
e Single level trigger at | MHz * On-detector/off-detector electronics upgrades
e Improved |10 kHz event farm of LAr Calorimeter, Tile Calorimeter, and Muon Chambers
* 40 MHz continuous readout with finer segmentation to trigger




New Inner Tracking Detector 29/23

* |78 m3 of silicon pixel + strip — factor of 2.7 larger than the current ATLAS
* Finer segmentation — improved vertexing, tracking, jet flavour tagging, ...

* Coverage increased from |n| < 2.5 to |n| < 4
N: pseudorapidity

;‘ :I 11 | | L | | L | |||||||||||||||| | | I |:
8  4.5F ATLAS Simulation —e—=
c 4F 5=14TeV, 3000 fo E
2 - 50 x 50 um? pixels -
= 350 =
3E- W, ¢ =
5 55 e — g T o =
. :_-_-_-_v_ ________ ]
E ] R SRR S E
1.6 A g —O— =
= . —o— —e— H— 4y, [Tk =
E ~-k-+ H— 4y, Run 277
0.5 ~30% improvement ST =
- | | | | IR

O ||||||||||||||||||||||||||||||||||
ATL-PHYS-PUB-2021-024 0 05 1 15 2 25 3 35 4

=


http://cdsweb.cern.ch/record/2776651

New Muon Chambers

* Acceptance of the muon trigger in the barrel region improved
by additional Resistive Plate Chambers (RPCs): 78% — 96%

* Monitored Drift Tube (MDT) in the barrel inner layer replaced by small-diameter MDT for free space for RPCs.
* Doublet Thin Gap Chambers (TGCs) in the endcap inner layer replaced by triplet TGCs for fake reduction.

2} RPCs (existing)

ATLAS Simulation
| | | | | | | | |

~ ] 3/4 chambers + BIBO [} 3/4 chambers [l 3/3 chambers

—

TGCs

Inner Barrel

O
»

LO efficiency wrt offline
o
oo

1 2 3 4 5

o
~

Additional
" RPCs

O
N

ﬂ? E——

o

. . stCs N
Interaction Point

30/23



High Granularity Timing Detector 31123

* Precision time reconstruction (30 ps) with LGAD
e Coverage: 2.4<|n| <4.0

* Pixel size: 1.3 x 1.3 mm?2, thickness: 50 pm

* Improved pileup jet suppression

w 500_. I T I T I T T I T T I | I_l 1 I.l T I T |-| I_l T _ -IG_D' _I | | | | | | | | | | | | | | | | | | | | ]

o = ATLAS Simulation Preliminaryc & 1.6~ ATLAS Simulation — - [Tk —

% 4005— E E g: “m- gi e nas e armmsss s = s ws mmesas g E_E "ch , 4:_850/0 HS efficiency — ITk + HGTD _:

= 300 1 e e = a " F24< Igitetl <4.0 Timing scenario "Initial"
— v mu = =1 > i

> 200 ;_ . : E a_; %3 1'25 30 < pJT <50GeV 2 ring layout -

100F- |} ; ' Y = e ETTTTT T T T T T T T T T T e

— = [ [ s

O ‘ :ﬁ__ [ 0'8: -

— - C L _

~100F- 22 OeF =

_2002 g ; 0.4;— —;

~300F- | | = 0.2 =

Ty RIS R TH A T =2 C b e e b e T

—qOO -80 60 40 -20 0O 20 40 60 80 100 9.4 26 2.8 3 32 34 36 3.8 4

Vertex z [mm] n|



Cross section [nb] o< probability

proton - (anti)proton cross sections

10° =

- :_ MH=125 GEV{

[ WJs2012
[

Gtot

Tevatron

WH

Q Qa Q

VBF

LHC

1

Energy [TeV]

-1

33 -2
events/secfor o =107 cm s

Cross Section and Trigger

32/23

The cross section of the Higgs boson production

is only 0.0000000005 of the total cross section
of the proton-proton collision...

We select interesting collisions before storage

— “trigger”.



Trigger and DAQ Upgrade

33/23

Inner Tracker

Calorimeters

[ Muon System

A
1

ssssssssssnnnnnnnnnn® & Casmssssssenps

* Level 0: | MHz, ~5.2 TB/s, latency 10 Ms

e LHC: 100 kHz, ~290 GB/s, latency 2.5 ps

<

eFEX

jFEX

gFEX

fFEX

4 LOCaI-o \

J

A

E

4 LOMuon )
Barrel NSW Trigger
Sector Logic Processor

Endcap MDT Trigger
ector Logic Processor
=/

Y

[ MUCTP-I ]

§____)r Global Trigger B

Event

......... >
[Processor

\

e Event Farm: 10 kHz, ~52 GB/s [ e

e LHC: | kHz, ~2.9 GB/s [ pata Handlers

v

4 Dataflow

\

Event Storage Event
Builder Handler ||Aggregato

J

\

~/

I

(" Event Filter

!

Processor Farm

Permanent
Storage

<---- LO trigger data (40 MHz)
<~ - L0 accept signal

<— Readout data (1 MHz)
<~ - EF accept signal

4: Output data (10 kHz)
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Trigger and DAQ Upgrade

o

1 | 1 11 T 1 N E—

: , § 0.9 | ATLAS Simulation _+
With the upgrade of the trigger I 0.8 s =14 TeV -
and DAQ system, trigger thresholds & 0'7 o Wolv :

.. < ' . HH-—ztbb =
similar to those used at Run | 0.6 I =

can be used at HL-LHC. 0.9 Compressed SUSY
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TGC ASD Board

- SONY analog master slice (bipolar)

» Preamplifier gain of 0.8V/pC

» Comparator with LVDS outputs

- ENC ~ 7500 electrons at Cinput = 150 pF

» 16 channels per board

~~ 2500 ¥ | | ~~ 2500 o | | | |
Q@ 2250 I — —_— @250 % _—_—_
tm oL F-
The current ASD chips satisfy s ol S s ool 3 I I I
e I e - .
the radiation tolerance criteria w o w
e | R
for HL-LHC. No replacement planned. ol e R
S 1 10 10® 10t 10° ® o 500 1000 1500 2000

gamma dose(Gy) x 10

1 MeV neutron fluence(n/cm?)



TGC PP ASIC 36/23

Channel B
- Channel A
irberiiaidibibiatiibiolobiabiotintin “ TTL input for debug
48 Step Variable Delay >
3 — LVDS input Delay cell bias
% 4 JD? 48 Step Variable Delay MASK | BCID )—» s
§ § s o— LU DT DT DT DT N T |_ §
3 2] } D¢ 48 Step Variable Delay 3 |— MASK | BCID ]—> o
: :E: — : S PADA I_/< ;;
2 s s g ¢ E
5 : : § 3 b8 ~§'
5 :’j>r‘-_))>ﬂ 48 Step Variable Delay i]— MASK | BCID T_D-» g
£ . I PNDA o
§ @
ree 3 -k
nager e 3 48 Step Variable Del
Design process Silterra 0.18 us CMOS 6M1P —> Dalay JD D oY a
3.3V (LVDS Rx, TPG Driver) : p— I Test Pulse
Supply voltage 1.8 V (PLL, Delay line, CMOS input and output) 5| (BCID Gate)
Voltage tolerance : £ 10 % § 1 45 Step Variabie Deiay
J
# of channels Group A (16 ch), Group B (16 ch) Mﬁﬁmﬂw
- : REF CLK - e I- 32 Step Variable Delay(PLL ]—DJ g §
Timing control resolution <1 ns (40MHz) =] 12 H—| 772 L] Fiter [ 1 ep Variable Delay(PLL) g :
2\ ¥
- §§ sk 3 : g\
Timing control range >40 ns SPI
o . R Pt
Timing jitter ~40 ps (LVDS Rx), ~40 ps (Variable Delay) - ¢ @ o o wig
S 3 3 2 S S 83
Temperature range 0~80°C
Power consumption ~20 mW (Previous design: 130 mW) M ass prOduction completec‘.
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TGC Fast Muon Reconstruction — Firmware

4 candidates

Sighal paths for Super Logic Region (SLR)

Preliminary resource utilisation

x 23 bits
x 37 units 4 candidates
BW TGC wire hit map 1808 bits Wire Segment = 3404 bits x 52 bits
after channel mapping > Reconstruction > x 13 r'egions
(Endcap 1) (BW T6C Endcap 1) Wire/Strip + 1 candidate
1 candidate | Coincidence x 50 bits
x 17 bits x 22 regions
x 20 units (BW T6C = 3804 bits
BW TGC strip hit map 896 bits Strip Segment = 340 bits Endcap 1)
after channel mapping > Reconstruction >
(Endcap 1) (BW TGC Endcap 1)
3 candidates
x 124 bits
NSW track segment ; = 372 bits
o ' 64 candidates > GTY for MDTTP
ileCal energy flag e e
BIS78 RPC coincidence Inner Track 3 candidates
Coincidence Selector x 124 bits
EIL4 TGC hits = 372 bits Buffer
(after formatting) . fc‘;:ddc‘é'_:_gw)
4 candidates
x 23 bits
x 37 units
BW TGC wire hit map 1808 bits Wire Segment = 3404 bits
after channel mapping > Reconstruction >
(Endcap 2) (BW T6C Endcap 2) Wire/Strip
1 candidate | Coincidence 4 candidates
x 17 bits x 52 bits
x 20 units (BW T6C x 13 regions
BW TGC strip hit map 896 bits Strip Segment = 340 bits Endcap 2) + 1 candidate
after channel mapping > Reconstruction x 50 bits
(Endcap 2) (BW TGC Endcap 2) X 22 regions
= 3804 bits
4 candidates
x 23 bits
x 16 units
BW T6C wire hit map 808 bits Wire Segment = 1472 bits
after channel mapping > Reconstruction >
(Forward) (BW T6C Forward) Wire/Strip
1 candidate | Coincidence
x 17 bits 4 candidates
x 4 units (BW T6C x 52 bits
BW T6GC strip hit map 192 bits Strip Segment = 68 bits Forward) X 8 regions
after channel mapping > Reconstruction = 1664 bits

(Forward)

(BW TGC Forward)

Logic cells
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