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Introduction

While the Standard Model is remarkably successful, it remains incomplete;
Aim to uncover "cracks" in the theory and search for new physics by using collision

. . s matter (fermlanS) gauge bosons
Interesting collisions are very rare.
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https://higgstan.com/

Muon detection at the ATLAS

High-momentum muons are a clear signature of
interesting proton collisions.

« Key in Higgs, EW, BSM searches

Example: Probing the Higgs Yukawa Coupling Higgs Yukawa coupling paper
« The Target: Direct probe of the Higgs Yukawa coupling S a0k & aarev, oo ~ Egif’ﬂéf :
to 2nd-generation fermions § ot 3 Incoeve,bi1+/B) weihtod -~ Background pf

g‘n 600?

£ w0

 To produce and detect rare Higgs events, :
We need for High-Energy & High-Luminosity! 3 iF :
«& 2f . :
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https://journals.aps.org/prl/abstract/10.1103/gzdh-p159
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Large Hadron Collider (LHC) overview

Proton-proton collider
« 27 km circumference

« Center-of-mass energy:
Vs =13.6 TeV

— produces ~100 GeV muons
 Luminosity: ~2x103* cm2s-1
« Rate: 40 MHz

* pileup: ~60
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LHC aerial view
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Accelerator complex

LHC:
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The speed of protonsis g = 1

Each bunch gets squeezed down to 16x16 um?

Much bigger than an atom, collision is rare

Cleaning

Proton Synchrotron (PS):

» Generate 25 ns bunch spacing
— 40 MHz collision rate

- # of proton per bunch: 1011
 f =0.87

unac4  Linac4:

Proton * The source of proton beams

Source and

RFQ ° ﬁ z03

Cleaning


https://www.researchgate.net/publication/267375476_Perspektiven_zur_Beobachtung_von_Einzel-Top-Quark-Produktion_am_CMS-Experiment_mit_Hilfe_neuronaler_Netze
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LHC runnlng You can check from here
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https://op-webtools.web.cern.ch/vistar/

Why Pseudorapidity?

Pseudorapidity (n): Defined from the polar angle 8 with respect to the beam axis:

-~ ntan(3)
n=—Intan|5

High-energy limit (p > m): n approaches rapidity y
11 (E + pZ) PT‘
= — -
Y=o M E—p,) 7"

Parton Dynamics and Boost Invariance:
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Lo

"

beam axis (2)

hard interactions

"~ soft
e interactions

 Colliding partons carry random momentum fractions,

causing the center-of-mass system to boost |
* While particles cluster at small 6 in the lab frame,

n expands this region to provide a uniform view of the collision £ 10

beam beam

107° L o
1076 L - —
0 0.5 1

Particle production

is nearly flat in 5



Physics requirements to muon detector e

High momentum resolution
e épt/pr ~3% at 100 GeV and ~10% at 1 TeV

 Allowing both SM measurements and new physics searches
containing high-momentum final-state muons

> Requires massive B - L? to measure sagitta s
0.3BL?

8pT
Wide n coverage

.SN

, (B: Magnetic field [T], L: Trajectory length [m])

X (transver

* 85% of muons in H — 4u lie within |n| < 2.7

« Maximize acceptance while controlling background

Low trigger threshold 5]

 Triggering from low pt (~5 GeV) is required
for various physics analyses

| | 1 | | | | | | | | | I | I | | | | |
-1 -0.5 0 0.5 1
z (beam axis)
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ATLAS detector overview

Muon spectrometer

barrel

barrel hadrOnic calorimeter

muon chambers

New Small Wheel (NSW)
muon chambers

barrel electromagnetic calorimeter

-

solenoid magnet

46 m

br detectors

World's largest general-purpose particle detector
* Dimensions: 46 m long, 25 m high
 Total weight: ~7,000 t

barrel toroid magnet

Toroid Magnet System:

 Defining feature of ATLAS: 1 Barrel and 2 Endcap
toroids

 Air-core design to minimize multiple scattering for
high precision measurement

Muon Instrumentation:

* Integrated with the magnets to provide independent
momentum measurement



Magnet System: Engineered for High-p; Muon™

Toroidal Configuration:

* Provides a magnetic field surrounding the collision axis with cylindrical symmetry

Bending Power Optimization (sagitta: s~BL?/py):

* Integrated magnetic field (/ Bdl) typically provides 3 T-m in the barrel and 6 T-m in the endcap
 Utilizes a vast air-core volume to maximize the bending lever arm L

Ensuring Seamless Acceptance (|n| < 2.7)

* Minimizing low-field pockets, the barrel and endcap toroids are radially overlapped

10

Barrel region End-cap

region

=
3

Transition region

[BdI (Tm)

2.5

increases with 77
2

0 1
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Muon Spectrometer: Precision vs Trigger

id magnet
rrrrrr

Why two different detector systems? \ , '

» Spectrometer must handle two conflicting requirements simultaneo

eeeee
on chambers

1. Precision Tracking: To measure the sagitta s with um accuracy
2. Fast triggering: To identify the bunch crossing (every 25 ns)

Chambers Main Usage
TGC

Monitored Drift Tubes (MDT) Tracking w0 | Barrel __
Resistive Plate Chamber (RPC) Trigger DT | — |, muon
Thin Gap Chamber (TGC) Trigger ‘ = I _, background
New Small Wheel (NSW) N AT e

— Micromegas (MMG) Track!ng & Tr!gger . DDE: gt |I

— Small-strip TGC (sTGC)  Tracking & Trigger o = P

T T T T
IP 2 4 6 8 10 12 14 16 18 20 z



Monitored Drift Tube (MDT) 13729

High-Precision Tracking for Sagitta Measurement

» Goal: Determine momentum with 10% resolution for 1 TeV muons

» Single-tube Accuracy: 0~80 um achieved using Ar+CQO2 gas at 3 bar

» Multilayer Structure:

2 X 3-4 layers provide 6-8 hits per track for robust reconstruction

----------------------------------- B e e — FrT T T T 1 T T T 1T T =

ATLAS R E F .

% M initial == Final - _:_1..220':*'-.‘ ATLAS ]

AR - ¥ Mo =olh . mn 3 S,,,zooi ,\\"'.. ———- Test Beam No Irradiation
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e PR R % """""""""""""" 180 E —e— 2016 Ys=13TeV,23.8fb 3
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Resolution [ pm]

Average resolution: 81.7 + 2.2 um

r [mm]

Excellent agreement with
expectations across all drift radii




RPC & TGC: fast triggering

Mission: 25 ns Bunch Crossing ldentification (BCID)

« Challenge:
MDT signals are too slow (~wus) to identify within 25 ns

4000:

== ¢ view, mean=2.21ns

: ~800ns -
- Solution: 2 E
High-speed detectors providing a Level-1 Trigger 06""100“'zod“‘soo"aod"soo"sé%‘.f'“‘zodi‘i
Optimized technologies for each region
I 2 T T 2O NS T
RPC (Resistive Plate Chamber) - Barrel - “ a0 |- | gmL Ehiy panall
« Parallel-plate gas detector - 2ns ey b g | g 1]
with uniform electric field o Fitedwidth=o_ . | 5 [ g E
6000 R - 1
TGC (Thin Gap Chamber) - Endcap : ~viewmen-208ms | 2 | “F 1

« Narrow gas gap between
wire and cathode

— very fast signal response o} ; . ¥ 5 70
Gh(, total [nS]

RPC time resolution

2000

RPC readout strip pairs/0.1 ns

100

B Il l
20 40
Gate width (ns) -

60 80

Timing (ns)

TGC time resolution



RPC— Why is the resolution so precise?

Structure: Parallel Plate Design
 Narrow 2mm Gas Gap: Created by two thin resistive plates
- Gas: C,H,F,+CO,+C,H,+SF; (64.5%, 30%, 5%, 0.5%)

« High voltage: 9.6 kV

« Uniform high electric field (4.8 kV/mm)

* The entire gas gap acts as an active amplification region

Detection Mechanism: Eliminating Time Jitter

 Immediate Avalanche formation:

lonization is amplified locally at the point of impact

* Negligible drift time:

Uses induced current from rapid electron movement for

immediate signal response
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Gas

@ strip panel

trip panel Y — —
o 1

— ) 2mm gas gap

2mm gas gap

@ strip panel

Time resolution (ns)
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" ATLAS Preliminary

Time resolution vs. Delay incremental ratio

0% CO2, 0.3% SF6

+ Used here

30% CO2, 1% SF6 ;

® 30% CO2, 0.5%SF6
RPC GIF++ Measurement ® +

40% CO2, 1% SF6

0.5

Avalanche speed sensitivity to electric field (ns/kV)




TGC— Why is it so fast in the harsh Endcap

Structure: Thin Gap Design

Endcap: High-rate environment
-~

/”\1_ ........ famemiatgractions #7 S
 Narrow 2.8mm Gas Gap: Vl \\ | “ﬂ--._?,' " \\
» Wire—cathode distance is only 1.4 mm " ‘E = o i ‘E
 Strong electric field near the wire v ] A ]
« Operates in limited-proportional mode (2.8 kV) \\_/, | ‘ \\_/’
« Stable pulse height even for small primary ionization
Resilience in High-Rate Environments » cathode strip &P .aye,\\ PiCk-ui) strip_{>_,q(
« Gas mixture: CO, + n-pentane (55%, 45%) ’ \\
« Strong UV quenching suppresses secondary discharges
- Stable operation at high background rates menedewI. \ ‘11[1:’4 I*—H—D—'
« Thin gap structure e — al
- Fast removal of positive ions @ cathode strip \
* Maintains performance in high particle flux

1.6 mm G-10



Constraints and Challenges of the Muon Triggézr?

25 ns proton collisions — cannot record all events 2 ; ks ity ]
. S = i Vs =14 TeV |

Two-level trigger system: 2 08 A 3
3 0.7F | —‘F’{V:'V o 3

. << = i — HHoTT 3

1. Level-1 (L1) trigger (Hardware-based): 0.6 [ =
0.5F ' Compressed SUSY 3

» Fast decision during data taking 0.4 (8 M (329)= 40 GeV)

charged particle not originating from IP

« Latency < 2.5 us 82_ 5 .
- Rate reduction: 40 MHz —» 100 kHz 0.1 Terget A, :
0- e ¢+ oo b4,y FTT—T——— ;
- : : 0O 20 40 60 80 100 120
2. High Level Trigger (HLT) (Software-based): Lopton p_ Threshold [GeV]
» Rate reduction: 100 kHz - ~3 kHz I R e e
] . E 300:_ ATLAS Preliminary fake muon A _:
Physics requires low-pr muons : -% _I_L E
* However, the trigger rate is limited by bandwidth constraints  $, - IJ E
 Suppressing the L1 rate is essential £ E
. E v .
« ~80% of the muon trigger rate came from endcap
* Most of these are fake muon trigger 5°;—
link L


https://inspirehep.net/literature/1614083

New Small Wheel (NSW)

Solution for the endcap challenge

* The new detector combining tracking and trigger capabilities

NSW configuration

» Two detector technologies: small-strip TGC (sTGC) and Micromegas :

« 16 layers in total (8 layers each for sTGC and Micromegas)
Reduction of trigger rates
« Coincidence with TGC to suppress fake muons

Designed for high hit rates

» High-n endcap region exposed to high background environment o

« Short drift distance and multi-layer structure

—_
£

—
L
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sTGC wedges —_

N/

quadruplet 4 =~ MicroMegas (MM)
«— wedges
J

Sector

T NN B R L U BEL IR I RN
1217 aTLAS -6
105 — _151.4

8=

2

& awer=Data/FL
PRI PR [ ST TR Y W T S S

15 20 25
beam axis [m]

UGG simulation E




small-strip TGC (sTGC) .
direction pitch " / =D s
' g A D>— Pad
wire 1) 1.8 mm
strip n 3.2 mm «— tracking | I s 4 \\ s::
Pad nxXQ < coarse, fast triggering ettt -
Detection Mechanism G.as; CO, + n-penténe (55%, 45%) Pad

« Avalanche amplification occurs near the wires, inducing charge on strips and pads

 Strip signals are read out in the region selected by the pad trigger “BCID=25 ns bunch crossing

* Time window: )

T
o Tvi ition- Tale) i E o9 imi
Trllgger condition: pad coincidence in 3 out of 4 layers e %:égfeﬁfnvgggm.nary e
 Hits from 4 layers are read out over 8 BCIDs ER il
* A primary BCID is selected; hits within 1 BCID are accepted “ gg: strip position resolution:
0ar "~ 200 pm
0'3; W
0.22— M_._H—H——O"’_
primary BCID=4 0.1
accepted agcepted 072774 16 18 2 22 24 26 28
relBCD 0 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7 muon |



. | 5 Drift Electrode
. E 3799
Micromegas

« Micromesh gaseous structure
« Gas: Ar+CO,+isobutane (93%, 5%, 2%)

e Readout Strips
e Resistive Strips

PCB

Readout Panel

S - -

3 —Drift Panel

 Strips are tilted by 1.5° to enable two-dimensional readout =51 oo
Readdut Panel” ~ v,

Precision tracking: Drift gap (5 mm) s

- Wide gap increases ionization probability and produces sufficient primary electrons 1=~

-1.5°

« Allows sampling of multiple points depending on the incident angle

3rd + 4t Jayer:

« Fast and precise tracking over a wide range of track angles i e
High-rate capability: Amplification gap (128 pm) E gég— ATLAS NSW Proiminary
« Narrow gap creates a uniform electric field E g;: Hwe” K
« Stable high gain while suppressing discharges g;‘;: o
03

« Rapid ion evacuation reduces space-charge effects

Aveqjﬁgge resolution: ~350 pm
\:

sl ISURURT T NI SN NN TN T SN TS T SN SN S TN S T NS ST M S SRE |
12 14 16 18 2 22 24 26 28
muon [n|



https://atlas.web.cern.ch/Atlas/GROUPS/MUON/PLOTS/MDET-2024-02/

Run 3 — Good Shape!

» Over 300 fb! delivered in Run3
« ATLAS pp data taking efficiency: ~95%

» Continuous effort from numerous people
from experts, on-calls to ACR shifters

« 2026, Last year of Run 3
» Luminosity prediction is 34.3 fb™

-~ ATLAS {s=136TeV
Z_Online Luminosity
- .LHC Delivered

200 | |ATLAS Recorded

- Delivered: 3181b"
150 |— Recorded: 301fb"

s
o
o

(o)
o

lllllllllllllllllllllllllllll

UONRIQIED 5276

lllllllllllll

|| gy S | N s e | e ) | ]

\ \ \ \ b 0k v 5 . 6 06
300 2230 2250 22 J0 2250 2R 0 20 20y Py 2
Month in Year
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What’s High Luminosity LHC?

Increase statistics through high-luminosity SsSSaaS“.
collisions to search for new physics

« Start of operation: ~2030

 Luminosity 5 — 7.5x103* cm=s-"

* Pileup: 140-200

« Center-of-mass energy: /s = 13.6-14 TeV
« Target integrated luminosity: 3000-4000 fb-" S

(pileup=150)



Limitations of current system

. . . \ EOS
« Detector ageing due to long-term operation in ‘
higher-than-expected luminosity and pileup conditions [ oo
* Increased hit and track rates at HL-LHC
» Readout limitations of the current TDAQ system
» Upgrade detector and readout electronics o
(Phase-2 upgrade)
. = 9000 T T T T .
Detector upgrade' = 8000 ATLAS Simulation
* Newly installed EIL4 TGC, RPC BI, and sMDT S 7000 Joec e - 10y 3
% 6000} —e&— Online beamspot algorithm —;
 Maintain the acceptance 50000 E
4000} |
TDAQ upgrade: 3000F :
. . 2000} =
* Newly and fully replaced readout circuits 1000 E
 Upgrade trigger logic with improved momentum discrimination 0=%0 B0 80 100 120 140 16

pileup interaction multiplicity



Phase-2 upgrade: Detector

Redundancy is ensured by increasing the number of detector layers

small-diameter MDT (sMDT)

* Newly installed, 8 layers

« diameter: 15 mm (half of original MDT)

« Short drift time — low occupancy in high hit rate
RPC Bl

* Newly installed, 3 layers

« Acceptance and redundancy recovered through coincidence with existing RPCs

EIL4 TGC
* Fully Replaced, 2 layers — 3 layers

A
12m

BOS
10

BMS
8

BIS
4

sMDTs
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MDT
EOS
\\‘

sTGCs

— Focus on TGC upgrade

In the following slides

« Fake muon trigger rate suppressed via coincidence with the existing TGCs



Phase-2 upgrade: TGC Trigger DAQ

New components:

PS Board

« Adjusts timing and sends all hit data every 25 ns
JATHub board

 Monitor the FPGA on the PS board and recover
from errors

TAM module

» Used for clock skew measurements and clock phase

alignment

SL Board

« Combine information from multiple muon detectors

on-detector

M2,M3 Doublets (1/24)

b ] b

'ﬁ%%%i".g%

N
-
~

206 [ Endcap:
P P

b4

-
i
~

Nl

~

Nl=

220
64

80 ASD boards

2
£

Forward:

244
250 [ 32 ASD boards

s
8 ASD boards
Total:4318 channels
M1 Triplet (1/24)

Endcap:
84 ASD boards
32 ASD boards

Forward:
21 ASD boards
4 ASD boards

Total:2090 channels
EIL4 Triplet (1/24)

Total:<192 channels

 Reconstructs tracks, calculates transverse momentum,

and reduces muon candidates to six

160 ASD boards

<6 ASD boards
6 ASD boards

18 PS boards

on-detector
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off-detector

off-detector

| Nsw|| TILE ||BIS78|

>
<

36 Rx

11 PS boards

2 JATHubs

GbE SW-Hub

1PS board

1 JATHub I

GbE SW-Hub

=18 Tx

22 Rx
11Tx

4 Rx
1Tx

6Rx 2Rx 2Rx

Endcap

Sector Logic 1Ry

1Rx 1Tx

MDT
6 Or 8 RX |t .
6or8Tx[—™| Trigger
Processor

4Tx

4Tx

Ethernet

Ethernet

IPMI

TDAQ
server

ATCA Self
Manager

>

=—= Optical fiber
=iy COpper cable

il

1 TAM per 1/12 trigger sector

s LEMO cable

Schematic diagram of Phase2 TGC/LO muon system
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Major electronics

PS board production completed TAM module, JATHub module LOMuon Sector Logic (TDAQ)
1434 to be installed Production completed Preproduction has been started

Timing calibration & SEU recovery
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QAQC campaign for new electronics o

All Production and Tests Completed for PS, JATHub boards

« Seven production and testing campaigns were successfully g :2;ﬁ.f._'._:Nfeéq}é.{r.m.s'_:.e;uf_iéa_l;.ﬁ-_é_e{r.é_{..f_.‘.f..:.f..'.fﬁ._' E
conducted at KEK in Japan, aligned with each batch arrival R Oy E

- - —©— Produced PS board ] 5

« This was made possible thanks to the dedicated efforts of R T e ik g N _—r
Z R =

early-career scientists, including graduate students 2 *
600:_ = o 98.7% .
* The required number of qualified boards are now ready for shipment - i

ATLAS Internal, Phase Il Upgrade

|

200 g}

- -
o
.

’Jllllllll

- | EPRIPRIPI PR 1 PRI | Y
0716 0815 0914 10114 1113 1213 0112 02/11
Date




« EIL4: TGC with three detector layers

« Using the new Phase-2 TDAQ electronics
» System-level commissioning demonstration

* Noise level and efficiency are fine

» The efficiency for the layer 1 was evaluated by:
(Number of events with hits on layers 0, 1, and 2)
(Number of events with hits on layers 0 and 2)

» Module 1: (94.0+0.1)% (wire), (92.2+0.1)% (strip)
» Module 2: (93.8+0.1)% (wire), (93.3+£0.1)% (strip)

Efficiency =
Nice results!

Channel-by-channel efficiency also obtained by constraining the hit positions

F 1 -
3‘ T et T W a e T | wer s
c %“F c
S of 8 o @
é o7f- g 07
o— E
u;— 05|
“5— 04 Lower due to dead regions,
03F- 03 i.e. internal support structure
02F- 02
ot 0.1
5 s 10 15 2 ] % 5 10 is 20 s 30 )
- - wires piste side
Channel ID (wire) Channel ID (strip) WW(1:10)  pueepen (67

Upgrade preparations are well underway!

using the new Phase-2 electronics



Summary

* The ATLAS experiment studies high-energy proton—proton collisions to perform
precision tests of the Standard Model and searches for new physics

* The ATLAS muon spectrometer is designed to precisely measure muons and
efficiently trigger on rare events over a wide momentum

« With the upcoming High-Luminosity LHC, higher luminosity and increased
pileup require detector and electronics upgrades

* New detector systems and upgraded readout electronics are being developed
and prepared for installation in ATLAS

* With precise tracking and excellent timing performance, the muon system
continues to play a central role in the ATLAS physics

Thank you!
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LHC beamline schematics

IP5
CMS
+TOTEM

P4
RF

RF & Beam
Instrumentation
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Cleaning
Cleaning
System
Q N
ey 3
@
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Alice
. “o»
1.8
TI2 IPI TI8
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Beam Beam
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Beam dumping

System
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+MoEDAL

IP7

Betatron
Cleaning

Cleaning
System

iy

31/29


https://www.researchgate.net/publication/306186204_Machine_Protection_and_Operation_for_LHC

MDT Alignment e

The "Monitored" Alignment

« Challenge: Deformations of several mm due to gravity and temperature

« Optical Monitoring:
Internal optical sensors track chamber torsion and sagging at the micron level

« Global alignment: A network of optical beams monitors relative positions across the 25
m spectrometer

« Achieved Performance: Sagitta correction accuracy of 30 um (r.m.s.)

width: 1 -2m

drift tube
layers

multilayer &

multilayer



Requirements for TGC electronics 9

Total lonising Dose (TID) Non lonising Energy Loss (NIEL) Single Event Effects (SEE)
Requirement: up to 180 Gy Requirement: up to 1.6x10'2 n/cm? Estimation: 9.8x10? /em?s (L=7.5x 1034 /cm?s)
Test: gamma irradiation Test: neutron irradiation Test: hadron irradiation

Demonstration: in the TGC detector area




Radiation Tolerance test m 1o o 1

NIEL 4.3 x10"/cm? 2.2 x10" /cm? 1.5 1.3
SEE 1.6 x10'/cm? 5.1 x10%° /cm? 1.5 2

[

 Measure BER to evaluate the quality of optical communication.
« Taking into account the offsets in clock phase and data voltage.

« BER (Bit Error Ratio):
the number of detected errors / the number of transmitted bits

* Open Ul: The ratio of the no-error (blue) area to the total area

Status Bis Emors BER BERT Reset TX Patemn RX Pattern

Reset PRES 3164 v PRES31bt v
Actual communication point 25_0)8000Gbps  1BIEIZ  OE0 SIIENS|  Reset PRES 3184 v PRBS 31.be v

Unit Interval

BER

1.8e-01
1.0e-01
5.0e-02
1.0e-02

-05 04 03 02 0.1 0 0.1 02 03 04 05

5.0e-03
1.0e-03
5.0e-04

W= x-axis: clock offset

1.0e-05

o Y-aXis: voltage offset
z-axis: BER

Voltage (Codes)

1.0e-06
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Irradiation test for on detector modules

« Confirmed enough torelance for permanent hard damages due to NIEL and TID

» Radiation Tolerance Criteria (RTC)
« RTC = SRL* X Sk, X SFi.t X SFiot

3 irradiation tests are conducted
« TID: Cumulative threshold voltage shift and leakage current increase
* NIEL: Permanent displacement damage in the semiconductor lattice

« SEE: Transient bit-flips (SEU) or latch-ups caused by single-particle strikes

*SRL: Simulated Radiation Level on TGC,
for an integrated luminosity of 4000 fb™

Highest check point before failure
ITID |NIEL SEE

Gamma |64 Gy
Hadron |57 Gy |8.2X 10" /cm? 2.7 X 10" /cm?

Neutron 2.0 X101 /cm?

RTC 11 Gy [4.3X10"/cm? 1.6 X 10! /cm?
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Noise Measurement: Result

> >
Module 1 2wy T fe,
s ok -
« 11k events taken g 3 T T T ! |
O 10
« Zero occupancy for 07
« Vth = 20 mV (wire) :
« Vth = 90 mV (strip) 0k Module 1 1°~ Module 1
: l wire i strip
Module 2 L
Vth [mV] Vth [mV]
« 1M events taken
« Zero occupancy for 5 | 5
« Vth = 20 mV (wire) 50l BEE +
° = 1 3 F =
Vth = 60 mV (strip) g 8.l
6] C
. . . 102 C
Noise level fine for the operation
102
el Module 2 g Module 2
Nominal Vth at Point 1: 60 mV (wire), 70 mV (strip) - WikE strip
with exceptions (up to ~300 mV) for ~1% chambers 0 20 a0 60 80 100 020 a0 e0 80 100
Vth [mV] Vth [mV]
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Efficiency Measurement: Data Taking

 The data taken when at least two layers have a hit
« Vth = 100 mV (low noise but still fine for minimum ionizing particles)
« Nominal gas CO2+n-pentane and nominal HV (2800 V) supplied

Typical hit map (wire) Typical event display (wire)

351 —450 =
I | 30 -
D 3 ' —{400 -
5 - ‘ —350 25 -
— 25 | (] B
™ [ — 20
e~ | —{250 qc’ .
e 15— | 200 g 15 E_
— | : -
2 of R o ¢
% 100 ""5—-——_——__
AN - u (drawn by hand)

0:-.--I-..._....|....10 0= ' ' :

Layer 0 Layer 1 Layer 2 0 1 2

Layer ID
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Overview: TDAQ for HL-LHC

LHC TDAQ data flow
40 MHz

Latency: 2.5 ps

100 kHz

‘ 3 kHz
v

Inner Tracker Calorimeters Muon System
A Az A i
[eccccscm=a= R ! i
1 ] sesssssannnssnnrenast 1 Nasssssssesfe 1" 5
S fremmee y_ v
[ : J
. : : (—H LOMuon
i O L0Calo Barrel NSW Trigger
' 3
o X (Cerex ) Sector Logic | | Processor
L
Ak Cirex ) Endcap | [MDT Trigger
" .
. : : 9FEX Sector Logic Processor
1 ] 1 v
A \— MUCTPI
1t :
A HE i...p{ Global Trigger | :
: N I E 3
. : : Processor
Fa 1 T
' s
YV, V) H
FELIX (= = = TP IR
y
Data Handlers <€+ LO trigger data (40 MHz)
“ - L0 accept signal
<«— Readout data (1 MHz)
Dataflow <~ = EF accept signal
x C;\ Output data (10 kHz)
'

Processor Farm

[ Event Filter

Permanent
Storage

HL-LHC TDAQ data flow
40 MHz

Level-0 (LO) Trigger
Latency: 10 s

N
Define a Region of

Interest (Rol) for
. wu-| muons above the py
threshold

Data Acquisition (DAQ)
Event building at 1 MHz
Compression, storage, and
transfer to offline at 10 kHz

Event Filter (EF)

' 10 kHz
v



Level-0 muon trigger concept 39729

A

« Up to Run 3, muon candidates were
identified using only RPC and TGC st |

* With increased latency, MDT hit can now .,
be used at LO for improved muon selection

BIL

3layers of TGC_.--~
trigger ehambers
4== providing 3 mrad
angular resolution
include MDT chambers
to improve angular
resolution to 1 mrad

End-cap
magnet

New Small Wheel t
provieirig T mrad
angular resolution
in L1-trigger

(Part of phase 1 u?grade) {

Baseline trigger concept: S S

1. TGC (RPC) independently identify muon candidates and define the Region of Interest (Rol)
2. Rolis then shared with the

3. The MDT combines the Rol with its high-precision hit information to return
a refined pT measurement



