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Outlook

@ ATLAS detector
» Calorimeters : electromagnetic and hadronic
@ Jet definition, reconstruction and calibration

» jet algorithms, infra-red stability, pileup, 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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Tile Calorimeter
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Final JES precision
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Final JES precision

Name Description Category
Z+jet

e E-scale material Material uncertainty in electron energy scale det.

e E-scale presampler Presampler uncertainty in clectron energy scale det.

e E-scale baseline Baseline uncertainty in electron energy scale mixed

e E-scale smearing Uncertainty in electron energy smearing mixed

1 E-scale baseline Baseline uncertainty in muon energy scale det.

1 E-scale smearing ID Uncertainty in muon ID momentum smearing det.

4 E-scale smearing MS | Uncertainty in muon MS momentum smearing det.

MC generator Difference between MC generators model
JVF JVF choice mixed
Ag Extrapolation in A¢ model
Out-of-cone Contribution of particles outside the jet cone model
Subleading jet veto Variation in subleading jet veto model
Statistical components | Statistical uncertainty stat. /meth.
ytjet

7 E-scale material Material uncertainty in photon energy scale det.

~ E-scale presampler Presampler uncertainty in photon energy scale det.

7 E-scale baseline Baseline uncertainty in photon energy scale det.

7 E-scale smearing Uncertainty in photon energy smearing det.

MC generator Difference between MC generators model
Ag Extrapolation in A¢ model
Out-of-cone Contribution of particles outside the jet cone model
Subleading jet veto Variation in subleading jet veto model
Photon purity Purity of sample in y+jets det.
Statistical components | Statistical uncertainty it. /meth.
Multijet balance

« selection Angle between leading jet and recoil system model

A selection Angle between leading et and closest subleading jet model
MC generator Difference between MC generators (fragmentation) mixed
pr asymmetry selection | Asymmetry selection between leading and subleading jet | model
Jet pr threshold Jet pr threshold mixed
Statistical components | Statistical uncertainty stat./meth.
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Proton-proton collisions : final state truth at the
particle-level
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Proton-proton collisions : final state truth at the fixed
order
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Proton-proton collisions : final state (visible by an
ideal detector)

e .— e —

proton proton

B-
—
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(actual final-state multiplicity ~ several hundred hadrons)
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* LHC-

7x10'2eV  p-p Beam Energy
10% cm-2 5! Luminosity
Nb of bunches

2835
101 Nb p/bunch
— s
- =
7.5m (25 ns)

= Seumlse

~cm

° Bunch collisions 40 million/s bunches
o -~ ~25 interactions / Bunch crossing overlapping in time and space

'Q-} 1000 x 10 events/s

protons.
& o
New Particle Production > 1000 particle signals in the detector at 40MHz rate
(Higgs, SUSY, ....) 1 interesting collision in 10 partons
(quarks, gluons)
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More realistic picture of proton-proton collisions
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Even more realistic picture of proton-proton collisions
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Very realistic picture of proton-proton collisions
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Total cross section

Ototal = O—ela‘stic+Usinglefdiffractive"f'adoublefdiﬁractive"_' **+0Onon—diffractive

dn/dy

m Experimentally minimum bias = all events with no bias from
trigger conditions

m Theoretically omin—bias & Tdouble—diffractive + T non—diffractive
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Hard scattering + Underlying event

dn/dy

jet

------- pedestal height
/ underlying |event \
> Y

m The underlying is the additional activity from soft interactions
in additional to the primary hard partonic process.

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

17/69



Underlying event $%p

=

m If the interactions occur independently obeys Poissonian
statistics

po— " )
" n!

m However energy-momentum conservation tends to suppressed
large numbers of parton scatterings.
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Underlying event (color correlation)
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Multiple interactions : measurement

~ (DPI m
46,77 () = 20e4¢(s)

fizjz (xi27 Xj2 ,LLF) dé—ilizﬁY (xil y Xigs S) dé-jljzﬁz(lev Xjas S)]v

/dxil dle dxiz dxfz [filjl (xil’le’ nuF)

q 14

W+

Q)
|

dffy (S) - dé'z(S)
Oeff(s)

~ ~ (SPI N
d6y(s) = A6y (s) +d6i(s) = Aoy (s) +

. (DPI) (SPI)

Pavel Starovoitov (KIP HD) Physics at the LHC University Heidelberg 20/69



Multiple interactions : measurement
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Standard Model total cross sections

Standard Model Production Cross Section Measurements

Status: July 2019
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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

Pavel Starovoitov (KIP HD)
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Trigger system

Interaction rete
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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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In

Trigger
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9-bit jet elements -bit tri
10-bit serial links:
| JEP] 400 Mbit/s (~10 m)
JEMs ==
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8o Mbivs [Ser,gr| [Counting| | cpms backplane
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CP vs JEP

Cluster Processor Jet/Energy-sum Processor

==)
m S

@ ” Hadronic J

| Electromagnetic

T
—
U

Trigger towers (a1 x ¢ = 0.1 x 0.1)

&5 Horizontal Sums. E & - Hadronic isolation
ring and core

o Jets, Missing & total Ep
@ e/~ or 7 /single hadron @ Granularity 0.2 x 0.2
e Granularity 0.1 x 0.1 @ Summation of EM + Had
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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

Pavel Starovoitov (KIP HD)
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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
R . . Out T calibration
» Noise rejection T Lt
» Energy
measurement

FIR inhibit
(from large
pulse BCID

81
+
8

large pulse BCID rest
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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

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

Hadrons

suoipepy
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Proton-proton collision : Monte Carlo event

Hadrons

Hadron Decays
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Levels of jet definition

jet constituents

jets
Simulated
particles

Particle jets
(aka truth jets)

Tracks

Track jets

Calorimeter
clusters
(EM scale)

I

Calorimeter jets
(EM scale)

L 1 clust Calorimeter
Az K Sy clusters
weighting

Calorimeter jets
(LCW scale) (LCW scale)

Calibrates clusters based on
cluster properties related to
shower development
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Unfolding

Jets (theory tool)

CKKW
MLM

SUOI3D3110D dN+

MC + Tree

Jet X-sct

DETECTOR

Jet (definitions) provide central link between expt., “theory” and theory
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Unfolding

Jets (theory tool)

- NLO BSM searches
Higgs searches
é top physics
Jet X-sct - -
[ MC validation
DETECTOR @

Jet (definitions) provide central link between expt., “theory” and theory
And jets are an input to almost all analyses

CKKW
MLM

SUOI3D3110D dN+

MC + Tree
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Jet cross section measurement

/
i 7 ;‘

13 TeV pp collision
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Triggering Inclusive jets
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Event selection
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Instrumental effects : problematic modules
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Instrumental effects : jet cleaning

A L B B B BRI R
—8— Good Jet Data

—— Fake Jet Data
— Good JetMC
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—8— Good Jot Data
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Instrumental effects : jet cleaning
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Instrumental effects : jet cleaning

Loose Selection

Tight Selection
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Systematic uncertainties propagation

P, [GeV]
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Unfolding matrix

gy T T T L
E 3x10°| ATLAS Simulation
- 3| Vs=13TeV
E-20T antik, R=0.4
lyl <0.5
10° =
4x10?
3x10?
2x10?
|

2x10° 10° 2x10°
P [GeV]
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Unfolding efficiencies
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Unfolding bias

— 0.5¢ -
o~ = 3
o 04F  ATLAS Simulation =
= u E
£ 0.35— -
@ 0.2 =
= E .
0‘? 0.15— —g
5 OF =
9 - -
S 0.1 =
2 - -
1_5) _0_22_ Is=13TeV =
£ _0.3F| anti-k R=0.4 =
© = — Unfolding Closure Test 3
T 05 . . E
' 2x10? 10°  2x10°
p_ [GeV]

Pavel Starovoitov (KIP HD) Physics at the LHC University Heidelberg 52/69



Inclusive jets
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Dijets
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Non-perturbative
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Electroweak
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Cross section total uncertainty (fixed order theory)
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Cross section total uncertainty (fixed order theory)
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Cross section total uncertainty (exp)

Relative uncertainty
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Inclusive jets
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Inclusive jets
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Inclusive jets
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Inclusive jets
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Inclusive jets

Theory/Data
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Inclusive jets
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Correlation statistics
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Correlation total
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Quantitative comparison data to theory

Pobs
Rapidity ranges | CT14 MMHT 2014 NNPDF 3.0 HERAPDF 2.0 ABMPI16
T
ly] < 0.5 67% 65% 62% 31% 50%
05<lyl <1.0 | 5.8% 6.3% 6.0% 3.0% 2.0%
1.0< |yl <15 | 65% 61% 67% 50% 55%
15< |y <20 | 0.7% 0.8% 0.8% 0.1% 0.4%
20< |yl <25 | 2.3% 2.3% 2.8% 0.7% 1.5%
25< |yl <3.0 | 62% 71% 69% 25% 55%
Pr
[yl < 0.5 69% 67% 66% 30% 46%
05< |yl <1.0 | 7.4% 8.9% 8.6% 3.4% 2.0%
10< |yl <15 | 69% 62% 68% 45% 54%
1.5< |yl <20 | 1.3% 1.6% 1.4% 0.1% 0.5%
20< |yl <25 | 8.7% 6.6% 7.4% 1.0% 3.6%
25< |yl <3.0 | 65% 72% 72% 28% 59%
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Quantitative comparison data to theory

Pops
y* ranges CT14 MMHT 2014 NNPDF 3.0 HERAPDF 2.0 ABMPI16
y* < 0.5 79% 59% 50% 1% 1%
05<y*<1.0 27% 23% 19% 32% 31%
1.0<y* <15 66% 55% 48% 66% 69%
1.5 <y* <20 26% 26% 28% 9.9% 25%
20<y* <25 | 41% 34% 29% 3.6% 20%
25 <y*<3.0| 45% 46% 40% 25% 38%
all y* bins 9.4% 6.5% 11% 0.1% 51%
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