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The ATLAS experiment

* One of four experiments situated in the
Large Hadron Collider (LHC).

* LHC is undergoing extensive upﬁrade
program, lasting over a decade!

* The upgrade will bring a seven-fold
increase in designed instantaneous
luminosity.

* One of the costs associated with
increasing the luminosity is requiring new S
and better detectors! "

* |n order to benefit from the upgrade, ura/ of ATLAS on the ATLAS uilding at CERN
replace the Small Wheel by the New
Small Wheel (NSW).
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LHC Upgrade Plan

e Currently in a shut down phase: LS2.

* One of the major upgrades to ATLAS during this shut down, is replacing the
small wheel which was designed for nominal luminosity.
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ATLAS — Replacing the Small Wheels

A~
!

Small Wheels ~10m across

25m \

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

Toroid magnets

LAr eleciromagnetic calorimeters
Transition radiation tracker
Semiconductor fracker

Muon chambers Solenoid magnet
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Increased luminosity of the LHC
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Proton bunches
>10"" protons/bunch

colliding at 13 TeV and at “40MHz in Run-2
collided at 7/8 TeV and at ~20MHz in Run-1

In 2018: It is already much worse in 2018!

Up to 60 p-p collisions / bunch crossing * Too much data!

* Rare and interesting events
are buried under the noise!

* Need a better Trigger System/!
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The Goal of the New Small Wheel (NSW)

* Higher luminosity means more data and fake muons.
* A better Trigger System will discriminate against fake muons.

~7 n=1.0 NSW TDR, CERN-LHCC-2013-006
Endcap Toroid .-Big Wheel RN AN LA AS AR RS MRS RARE RARRS RARAS RARS
EM sm,: ATLAS . 77 n
UPGRADE NSW e : [ pr>10 GeV Muon triggers (Bl+ C) 3
i 250/ ] Muons -
[ ) n u p+>10 GeV muons (A) vy i
04 m:_ ‘,;
| - :
c Fake by oy —:
A Real E. _,,:
B Z 4
Fake 7 %

................... n=2.7 7

o R [P R PP PO FOUN OISV PO IOY.

Forward Central Forward n



The New Small Wheel

Large Sector
/ sTGC
Small Sector

sTGC

e Part of the Muon Spectrometer, i.e
muon detector.

* Built of 2 technologies: MicrolMegas
(MM) and
small-strip Thin Gap Chambers (sTGC).

* MM act as a tracking system.

* sTGCs are the Trigger system, with an
angular resolution of Imrad and a
response time within 1ps. NSW J  MicroMegas (in Gray)

* More precise, better and quicker STGC (Coloured)
Trigger detector than the Small Wheel.
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Going From an Event to Useful Data

Simplified Detector Transverse View
Muon Spectrometer

Toroids
HadCAL

e Simulate ATLAS in order to do
physics analysis and MonteCarlo
(MC) studies.

* Essentially, all the tools needed
for doing physics!

understand well the detectors
and the physics which we are
studying.



ATLAS Simulation for Sadists

P
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Digits
Bytestream
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Simulation

| definitely recognize
some of these words...
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The Real ATLAS Simulation

‘ Generator \
MAGIC =]
1&

How the average ATLAS w
physicist sees it* -

* Experts too.
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The Realistic NSW Simulation System

Event Generation
-Generate particles (muons). | Nothing new here for the NSW.
-Simulate physics processes.

¥

. . Need to create a
Detector Simulation full new working
-Simulate the interaction of the particles with the detector. | model of the NSW!
4
r&q Digitization Write a whole new
-Simulates electronics response. process specific to the
Carleton -Transforms particle interactions into an electronic signal. NSW.
L 4
Reconstruction
Modify existing tools

-Transform the signal back t.o real particles. t0 include NSW.
-This step is also done.with real data! 12




NSW Detector Simulation

* Have to create a faithful
description of the
detector’s geometry.

* Properly model
interactions between
particles and materials!

Zoomed in view of the NSW side A
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NSW Digitization
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Trigger Simulation in the NSW

* The sTGCs act as the
Trigger system.

e 8 layers of sTGCs surround
8 MM layers.

* Triggered when 2 x % layers
read signal in the correct
time frame.

* Trigger simulation uses
direct output of
Digitization!

sTGC MM MM sTGC
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Testing the NSW Simulation

* When we generate particles,
we can compare their
reconstructed directions with
their truth values.

* Look at the efficiency, the ratio
of sTGC pad trigger candidates
to truth for single muon
events.

2000

1500

—

0

-500

-1000-

S
o 500—
=
>

2500IIIIIIllll-iIllll]lllllllllflllll]l
| 5 | | A, Nsw Simulation

ATLAS Proliminary

-
- i -
N b ' a
= 1

3 L)
L WR AT .
- s |l' -
(= v "l n‘ i =)
NIy S (N T
- Aty T -
e Kpeorgd —
- i 18
- . i ; i : AN\ i -

& B : ; \ : ; R0, - .

E1000 it S SABANAAAEAANA ANA N AR A ANSEET AN T —
= : = ) G b M -
- 2 : 3 § I -]

1
— : ; : - ‘ b
: : ) i N
i 2 . vl S 1258 6 o e o o]
- i S o \
=11 | L4117 ,_.-.—-*-""‘"""TM " M
B LT | ]
i I . f j i Il'rl"lll-
[ 8 'J'I" b
— v - - - 3 ,ln._.
@ : : e ¥
m - i : Y l:-m
[ o g $ - 1. V']
- : bt | H : it -
~d_ me = i : ’
. K;‘""’“w-_ ~‘E~h'“ -h".-‘-‘“%"—w\u..‘,_‘ x "x il
PSRN 1S SUTPIT, s, Lo *s..;_“_‘.. bl itk 1 e . Sl '\ !»1—4
i 3. 3 B S 1
- : : ~L_ ] 1 \ —
: - i L
= i L] | [ .-
g '
e 1|
— : -] | ;=
. )
- L] | ‘ \ —
N T N \‘\-4.“;‘! ‘s o 4 \l b —
’ | —
l 1 11 l ] 111 I 1 1 11 I 1 111 l | Bl I I 1 111 l 1 111 I 11 1 l 1

500

A. Laurier

1000 1500 2000 2500 3000 3500 4000 4500 5000

X (Layer1) [mm]

16

Efficiency



Reconstruction: A Primer

* We reconstruct tracks left by particles.

* More points and smaller errors improve tracking drastically.

Ideal measurement: Reality:
No errors Measurements with errors

Smaller errors & more points

* NSW reaches an efficiency of 98% on track reconstruction for
simulated nominal conditions. i 17



Summary

* LHC is undergoing an extensive upgrade program lasting over a
decade and increasing design luminosity by a factor of 7.

* To benefit from the increased performance, ATLAS is installing the
New Small Wheel (NSW), a muon detector which will reconstruct
muon tracks with high precision as well as serve as a L1 Trigger.

* A new simulation system had to be put in place to fully account for
the NSW.

e Using test beam data, the NSW software is well behaved and
produces consistent results for trigger and tracking efficiencies.
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Almost time to do muon physics with our new detector!

Run: 349114
Event: 216445472

2018-04-29 05:21:57 CEST ’ / / //
//
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