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The Large Hadron Collider q

A ROCKTO CUT GOD




The Large
Hadron
Collider

* 27 km particle collider ~r0om under the
Swiss-French border near Geneva

* Nominal collision energy of 14 TeV
* 40 MHz collision rate

» Utilizes superconducting magnets and
radio frequency cavities to accelerate
protons to replicate conditions
immediately after the Big Bang




ATLAS:

Precision on a
Large Scale

1. Muon Detectors
2. Toroid Magnets
3. Solenoid Magnet

4. Transition Radiation Tracker
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5. Semi-Conductor Tracker NPT

6. Pixel Detector

7. Liquid Argon Calorimeter

8. Tile Calorimeter

http//commons.wikimedia.org/wiki/File:ATLAS_Drawing.jpg



Only take home the shiniest rocks q

PULLING THE
TRIGGER




Too Many
Pictures

* LHCcollision rate -> 40 MHz

* Eventsize->~1.6 MB

* Record all data -> ~70TB/s
Global storage -> ~1,500,000,000 TB

ATLAS exhausts global storage in ~250
days




One in a ATLAS

EXPERIMENT

Tho usand 0" oooemmmeeo ¢ Run Number: 336567, Event Number: 190582407

Date: 2017-09-25 03:52:53 CEST

* Triggering selects interesting events

* Presence of basic signal structures
programmed by physicists

» Trigger decisions must be processed
faster than reconstruction

* ATLAS Phase-| trigger rate -> 100 kHz

CERN




LHC Upgrades
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ATLAS New Small Wheel TDR




Many
verlapping
nteractions ATLAS

EXPERIMENT

Run Number: 336567, Event Number: 190582407

Date: 2017-09-25 03:52:53 CEST

CERN



A Catastrophe
of Fakes

* Raising p; thresholds would maintain
rate but degrade physics reach

Currently many muon triggers are fakes

Implementing triggering in the SW will
reduce fake rate

Reject objects that don't point back to
the Interaction Point (IP)

Faster tracking keeps occupancy low for
high momentum tracks

ATLAS New Small Wheel TDR
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HL-HLC
Muon
Trigger
Rates

ATLAS New Small Wheel TDR

LIMU threshold (GeV)

Level-1 rate (kHz)

pT > 20

pr > 40

pt > 20 barrel only

pr > 20 with NSW

pr > 20 with NSW and EIL4
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A Primer on Gaseous Particle Detectors

AMPLIFYING BASIC
INTERACTIONS




Particle
Interactions
with Matter




Opposites
Attract

V-E=p/cl0

F=kqll qi2 /T2 r

Gaussian Surface
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Cylindrical
Geometry

E=V/rr
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Triggering and Reconstruction in One Package

SMALL-STRIP THIN
GAP CHAMBERS
(STGC)
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sTGC
Construction
Effort

* Shared between five international
construction sites (Canada, Chile, China,
Israel, Russia)

* QCacceptance of materials
* sTGC assembly and testing

* Readout chain and electronics
integration and testing

* Installation and commissioning in the
ATLAS Experimental Cavern

https//doi.org/10.1016/j.nuclphysbps.2015.09.182

Confirmation Wedge




Canadian
Construction

Effort
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Carleton
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Assembly
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sTGC Gain
Uniformaity
Testing
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Installation
of Signal
Adapter
FElectronics
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Leveraging
Powerful
Tools

ATLAS Muon Spectrometer is an integral part of many
searches

sTGC and NSW will enhance ATLAS's ability to make
precision measurements of muons from collisions

sTGC production underway worldwide
— Canadian production in full swing
Involved in many search strategies
— Top Physics
— Higgs searches
— Standard Model measurements

— Etc
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JUST NEED ROCKS 69
FASTER/ THEN FINO
VERY SMALL Rock/

"Remember...a CPU is literally a rock
that we tricked into thinking”

-@daisyowl

smbce-comics.com



