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Outlook

@ Large Hadron Collider
» proton-proton collisions, pileup, event size, bandwidth and
triggering.
@ ATLAS detector
» Calorimeters : electromagnetic and hadronic
@ Jet definition, reconstruction and calibration
» jet algorithms, infra-red stability, pileup mitigation, topo-clusters, jet
energy calibration
@ Jet cross-section measurements at 13 TeV

» trigger strategy, event selection, detector effects, theory model,
quantitative data to theory comparison

@ Searches for a low-mass dijet resonance at 13 TeV
» trigger strategy, data analysis, fit model, interpretation
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° LHC-

7x10'2eV  p-p Beam Energy
10% ¢m2 s' Luminosity

2835 Nb of bunches
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| Bunch collisions 40 million/s

o - ~25 interactions / Bunch crossing overlapping in time and space
Q 1000 x 10° events/s

New Particle Production > 1000 particle signals in the detector at 40MHz rate
(Higgs, SUSY, ....) 1 interesting collision in 10*3
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The CERN accelerator complex
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LHC vs FCC
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Standard Model
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Beyond Standard Model
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Beyond Standard Model

TeVeS

Superfluid
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ATLAS detector
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ATLAS Calorimeters
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LAr Calorimeter
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LAr Calorimeter

Cellsin Layer 3
Apxan = 0.0245%0.05

Trigge,
Wer
=0 g,
4.3%g
\‘;P 1.7%,
°°’=“-0245k4 —L_
36 B
—1qomm:
=14y am:t“«t
Square cellsin

Layer 2

o]

~—
Mmg -
A oo 468
= 0.5
Strip cellsin Layer 1

~—cCells inPS
At = 0.025%0.1

Pavel Starovoitov (KIP HD) Physics at the LHC

Puise height per energy deposit [ADC/GaV]

47cm

readout electrode
X

outer copper layer
inner copper layer
P kapiyon

/

outer copper layer

stainless steel
glue
lead

absorber

pp Data August 2017

ATLAS Preliminary
[ LA Demonstrator

Front layer supercell ('\
[ n=046,p=1.91 ’

University Heidelberg

15/59



Tile Calorimeter
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Tile Calorimeter
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Standard Model Production Cross Section Measurements Status: July 2018

—_—
o) AO ttal 20 T
Q10" EFoac ATLAS Preliminary
—_— - Theory
b . o Run1,2 v/s=7,8,13 TeV
10 ;;o LHC pp Vs=7 TeV
. B Data 454900
5
10 -
oG LHC pp Vs =8 TeV
10* Bozo BEE  oata 202-2030"
a0
LHC =13 TeV
10° B R PO ppemteTe
i ° 4o, a B  Daa 32-7980b!
5 prgl00G 22 ey Al o [
10 R N Y
=
10! =
1
. 2 Bo
1071 o
'I” : ?
1072 3 B
e’ et B 5w s
2

1073 2 I'I',,M
i

PP Jets 7 w z tt t VW 7Y H WV VytIWtEZ ttH tty Y7y Wij Zjj WWZyWyywwr ZyjiV Vjj
WK EWK Excl. Ewk
tot. tot. tot. tot. tot. tot.

Pavel Starovoitov (KIP HD) Physics at the LHC University Heidelberg

18/59



T T T
[ ATLAS Oniine, 13TeV  [Ldt=146.9 fb*
o 2015: <> =

-/77’1\\“\\" §‘l 23
R

Pileup Npy =17 g

W
i
N

\
\
\\

2 \‘\\<\\‘\\ A
SR

/ \;\v \\\\\‘ \ ,w’ v’ i = g 10 20 30 40 50 60 70 :
N R v llk\\\\\\\& \\ \\ ! /7/// 2 : Mean Number of Interactions per Crossing

A Run Number: 266904, Event Number: 25884805

Date: 2015-06-03 13:41:54 CEST

— 7

==
=/

Z
71

4" |

i)

I\ AN N N
AN R

‘ N\
Pk \u\;\\

7
i / j/ L,

I
)

7
|

7/

}!‘/,’/;; ';”;"’,,‘ s
B . 4 "r o, \ \ LA
&L’«&i&méﬂn# IVIRRH

Pavel Starovoitov (KIP HD)

University Heidelberg 19/59



Pileup Npy = 230
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7x10"2 eV Beam Energy
10* cm?s’  Luminosity
2835 Bunches/Beam

10" Protons/Bunch
e ’ j ;;%jk_: -—_+
> 7 TeV Proton Proton

colliding beams

° " Bunch Crossing 410" Hz
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Selection of 1 event in 10,000,000,000,000
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Data acquisition system

@ L1Calo : any
EM/HAD obijects

@ L1Muon :
thresholds and
multiplicities

@ L1Topo :
Combines
information from
L1Calo/L1Muon

@ CTP :final
decision
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Calorimeter detectors
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Trigger system
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L1Calo trigger system

@ L1Calo : Fixed
latency 2us, HW
based on custom
electronics

@ ~300 VME modules
of 10 different types
housed in 17 crates

o Off detector

» PPr: digitisation
and BCID

» CP :elec-
trons/photons/single
hadrons

» JEP: Jet findings
and energy
sums
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CP vs JEP

Cluster Processor Jet/Energy-sum Processor
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L1Calo

Receivers& PPr Processors Readout drives
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Preprocessor

4 Anin boards Analogue I Digital

16 signals each

Analogue singal
Conditioning

VME

To Readout
64 analogue

Inputs
To Cluster
16 MCMs | LVDS Links
Digitisation
& Digital
processing
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MCM

4 AD9042 PPrASIC digital Low Voltage

PHOS4 clock delay 10-bit processor Differential
chip - 1 ns steps FADC chips 0.6 pm CMOS Driver Chips
DS921v1021

@ Each FADC chip represents a L1Calo trigger tower
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Timing calibration

@ The pp collisions take
place at the interaction
point

@ Time of flight to
calorimeters is
n-dependent

@ Large variation in cable

lengths from
calorimeters to L1Calo

@ Need to buffer early signals and process everything in time
@ If we get the timing wrong we record the wrong event

@ Timing calibration

» For high physics acceptance everything must be in time
» Coarse timing set in FIFO : Steps of 25 ns
» Fine timing set by Phos4 : Steps of 1 ns
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Finite Impulse response (FIR) filters

10-bit Data Pipeline

@ Calorimeter signal
pulses span many
bunch-crossings
|
@ The FIR "
filter cofficients
improve:
latency
» BCID - R
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» Noise rejection T Lt
» Energy
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FIR inhibit
(from large
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Proton-proton collision : Monte Carlo event

1

Hard Process, usually

calculated at leading order
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Proton-proton collision : Monte Carlo event
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Initial- and final-
state parton shower
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Proton-proton collision : Monte Carlo event

Perturbative decays

v, of heavy particles
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Proton-proton collision : Monte Carlo event

Secondary hard

processes
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Proton-proton collision : Monte Carlo event

p Hadrons

suoipey
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Proton-proton collision : Monte Carlo event
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ATLAS

EXPERIMENT

Event: 531676916
2015-08-22 04:20:10 CEST

Pavel Starovoitov (KIP HD)

«4O0>» 4F» «Z» « 2>

University Heidelberg

nae
39/59



Hadron jet

@ JET is a collimated spray of energetic
hadrons

@ HEP phenomena involving strong
force — quarks/gluons

@ partons fragment and hadronise into
particles

@ parton + jet (both ambiguous)

@ Jet algorithm : set of rules to group
constituents together

A good algorithm can be applied to experimental objects (cells,
clusters, towers) AND fixed order calculations (LO, NLO, NNLO,...)
AND parton shower MCs providing a common ground for the
description of different types of events.
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Run Number: 160958, Event Number. 23181152
Date: 2010-08-08 1357:31 CEST
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Jets as proxies to initiating partons

VAR

LO partons NLO partons parton shower hadron level
Jet | Def" Jet l Defn Jet l Defn Jet | Defn
jet 1 jet 2 jet 1 jet 2 jet1l jet2 jetl jet2

VAR VAR VAR V4

Jets should be stable against theory (radiation, underlying event,
hadronisation) and experiment (noise, pile-up) effects
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EPJC(2010)67:637

Jet algorithm : IRC safety

Collinear safe jet alg. Collinear unsafe jet alg
a) b) c) d)
I jet1 ! I jet1 ! I jet1 ! I jet1 |I_:
jet2
n n
WX (=) 0gX (+e0) X (=0)  0fx (+e0)
Infinities cancel Infinities do not cancel

iterative cone-progressive removal alg
jet j

jet jet jet jet
soft divergence
w w w
() (b) (©)

iterative cone-split/merge alg
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EPJC(2010)67:637

Different jet algorithms
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