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| HC collisions

Hard interaction
Multiple parton
scattering

Not possible to distinguish the hard process

from the rest of the soft QCD interactions
on an event by event basis
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Possible to define specific observables
sensitive to different mixture of hard process

and underlying event (UE)
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AllLAS detector

HESZ 2017 | September 26-29, 2017, Nagoya, Japan

Muon chambers

Toroid magnets

[)

Solenoid magnet

¥ : =5 R=514mm K _*
NIDIVAR
)% A R = 443mm
=\ \= scT
R=371mm

L R = 554mm

R =299mm

R =122.5mm
Pixels { R =88.5mm

R =50.5mm

R =33.25mm

R=0mm

N\

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters
LAr eleciromagnetic calorimeters

Transition radiation fracker

Semiconductor fracker



Nicola Orando | The University of Hong Kong

2017

iNnstantaneous luminosity, conditions

» Allows to reduce the effect of pile-up on
the measurement
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ata taking

Here focusing on a small fraction of dataset
collected in 2015 with special, low

Inner Tracker alorimeters Muon Spectrometer Magnets
Pixel SCT  TRT LAr Tile  MDT RPC CSC TGC Solenoid
98.5 99.7 100 | 99.1 100 100 993 100 100

Luminosity weighted relative detector uptime (in percent) and good quality data delivery during the stable beams in pp
collisions at 13 TeV between June-August 2015, corresponding to 173 pb recorded luminosity.
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EXPERIMENT

Run Number: 265532, Event Number: 3280065

Date: 2015-05-20 22:51:50 CEST
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Ntroauction

e Here focusing on a few results, most recent

o More information here https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
standardModelPublicResults#soft QCD _and_Diffractive_Physics

Average
. Integrated . .
Analysis Reference UMINOS| interactions per
uminosity .
bunch crossing
Low-pr track-
o Eur.Phys.d. C76 y .
bageo! Mlnlmym (2016) 0.9, 502 151ub 0.005 in average
Bias' analysis
Track-based
Underlying Event | 915" 1703 (2017) 1.6nb- 0.003-0.03

analysis

157

Extra information on tacking performance can be found here
https.//cds.cermn.ch/record/203/7/683



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#Soft_QCD_and_Diffractive_Physics
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#Soft_QCD_and_Diffractive_Physics
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#Soft_QCD_and_Diffractive_Physics
https://cds.cern.ch/record/2037683

Nicola Orando | The University of Hong Kong 8

Irack reconstruction perormance
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Evaluate in early, low pile-up, data
e [rack selection, dataset, trigger strategy similar to the ATLAS 13 TeV minimum bias measurement

Comparing data and simulation for basic observables entering in the track reconstruction (e.g., silicon
hits multiplicity)

e Validation of the passive material description: plays a major role in the UE measurements

* Residual discrepancies covered by uncertainties of passive material description or dead modules
emulation in simulation
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Analysis strateqy
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* Low-p; track-based 'Minimum Bias' analysis:
based on selection of events with at least two tracks with

p>100 MeV and |n|<2.5

* Observables built out of all tracks with p>100 MeV
and n|<2.5

* Track-based Underlying Event analysis. based on
selection of events with at least one track with p>1 GeV

and [n|<2.5

* Observables built out of all tracks with p>500 MeV
and n|<2.5

« Underlying event (UE) sensitive observables
measured In different azimuthal regions defined
pased on the direction of the leading charged particle

e Measuring observables also in “trans diff” region
(event by event difference between trans-max and
trans-min) to isolate the contribution from the hard
Process

Hard scattering dominated
leading charged particle

(S )

towards

U o
& |A¢| < 60 I‘CI‘I
O Q
L @)
C | transverse (min) transverse (max) | 3
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QO
LL o]
D) Q

away
|A¢| > 120°
\4

Hard scattering dominated
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“article level gefnition anda correction

e Particle level definition uses two set of particles
e Charged prompt particles with lifetime 1>300ps
e Charged particles coming form decays of particles with lifetime 1<30ps

e Exclude poorly reconstructed strange baryons (typical reconstruction
efficiency below 1%), avoid application of a large efficiency correction
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1
wuk(pT,N) = - [1 = |ftake (P> M) = | fsb(PT> 1) || fsec (P> 1) || foke(PT> 7))
gtrk(pTa 77)
Tracking Fraction of Fraction of Fracking of Qutside-of-kinematic
efficiency fake tracks strange baryons | [secondary tracks correction

An additional correction used per event
basis to remove vertex reconstruction and — wey(fgy ~» AZiracks) =
trigger efficiencies

1 1

Etrig (nlslé)l_z) Evix (nglé)l-z » AZracks)
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 Fake tracks due to random silicon hits
combinations

o Low pranalysis: checked in simulation and data,
found to be less than 1%

o Standard analysis: fully negligible, checked on
simulation

e Strange baryons, not included in the
measurements definition, are subtracted using EPOS
which provides the best description of ALICE
strange baryon data
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e Up to 3% for tracks of 20 GeV py, deceasing
with pr down 1o 0.01% on average for the low pr
analysis

 Non collision backgrounds checked in
simulation, found to be negligible

11

SAaCKOrouNas

Secondary particles due to hadronic
INteraction with the detector material
and photon conversion

Used sidebands of the transverse
Impact parameter distribution to
estimate it to be 2.3% +0.7%

9
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\onte Carlo predictions
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Generator Tune PDF Tune features

(version)

| Built on top of Pythia8 C4 tune, used
Pythiad AZ MSTW2008LO | ATLAS minimum bias 7 TeV data for

MP

| ATLAS tune on UE and high pr

Pythia8 A4 NNPDF2.3LO measurements (jets, Drell-Yan, top-
quark pair cross sections)

. INncludes ATLAS Drell-yan and UE data,
Pythiad Vionash NNPDF2.3LO olus CMS, SPS, Tevatron data

. Based on LHC and Tevatron UE as well
Herwig/ UE-MMHT MMHT2014LO s MP! data

CPOS LHC ) Based on I_I—ICIdata, including Totem
Cross section measurement
QGSJET [I-04 Default - Includes LHC data
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_ow-pr frack-based Minimum Blas™ analysis: selection
and opservanles

E o | | |

o[ ATLAS [] Simulation
1075 (s - 13 Tev —+— Data

C 100 <p < 500 MeV, Inl < 2.5

Targeting events with at least two tracks with p; greater than 100 MeV

Special track reconstruction to cope with the low pyregion

Number of Tracks
3,
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7L i

* Requiring at least five silicon hits (instead of seven as in the default 10
reconstruction) 10°E N
e Other set of cuts (e.g. Impact parameter cuts) applied to suppress 105;‘ E
secondary tracks i —
Y 104';*—|_T_ N S Y NN N W
* Events with more than one reconstructed vertex are vetoed % 1o 0 g

3 C

- | CCERI
* Irigger based on random L1 items and, HLT requiring at least one track 8 0.8?_ —— E
with pr>200 MeV, typical efficiency above 95% for all selected events o 1 5 3 4 & 6 7 8 9
Pixel Hits
Observable Description
1 dN; : Ce
o dnh Charged particle multiplicity vs n

1 1 d*Ng
Ney 27pr dndpr
1 dN.

Nev | dncp

(PT) V8. Nch Average pr vs charged particle multiplicity

Charged particle multiplicity vs n and pr

Charged particle multiplicty
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L oW Pranalysis: systematic uncertanties
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1

1 dzNCh

o [rack reconstruction efficiency studied in simulation as a
function of prand n

e Main uncertainty due to description of passive material: from
1% 10 10% (depending on n) per track

« Other components due to track selection efficiency,
resolution, alignment

o Other minor uncertainties due to background estimation, track
o1 modeling, model dependence on the unfolding (non-closure)

Distribution Nle - d(il\;;f Neo " Sapr " Gndpy Nle - ((111:—3 (pPT) VS. Nch

Range 0-2.5 0.1-50 GeV 2-250 0-160 GeV
Track reconstruction 19%—T7% 19%—6% O%—fggf/z 09%—-0.7%
Track background 0.5% 0.5%—-1% 0%—1“%2 0%—-0.1%
P spectrum — — 0%—1“3;2 O%—J_’gﬁzz
Non-closure 0.4%—1% 19%—-3% 0%—4% 0.5%—-2%

Track reconstruction efficiency

Rel. unc.

reconstruction efficiency

X

Trac

Rel. unc.
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0.9F
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| Ow-pr track-based Minimum Blas’ analysis: results
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| Ow-Pr track-pased Minimum Blas analysis: results
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1/Ng, °chh/d77 ||77|<O.2

7_ I I [ | I I I I I [ ‘ 3
- aData ATLAS 25
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- ... EPOS LHC /}x .
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i

—Nergy evolution

=xtrapolating the measurement to
iNclude strange baryons contribution

and averaging in [n|<0.2 to compare
with previous results

At low pr the A2 tune of Pythia8 and
QGSJET I-04 don't describe the
data well
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Irack-pased Underlying zvent analysis

 MBTS used for trigger, efficiency above 99%
e Pile-up suppressed by vetoing events with more than two vertices

o Same background estimation for the low-pr analysis

HESZ 2017 | September 26-29, 2017, Nagoya, Japan

Observable Description
lead . .
Pt 0T of the leading charged particle
Nch(transverse) Number of charged particles in the transverse regions

|A¢| Azimuthal angle difference between particles and leading particle
(Nch/0noog) Mean number of charged particles per n-¢
<ZPT/5775¢> Mean scalar pt sum of charged particles per n-¢
<mean PT> Mean per event average pr of charged particles




Nicola Orando | The University of Hong Kong 19

Irack-pased Underlying zvent analysis

Two different selections illustrate the transition between isotropic
particle distribution, minimum-pbias like, and hard scattering

N T T T | T T T | T T T | T T T | T T T T T T T T T | T T T | T T T ;‘ T T T | T T T | T T T | T T T | T T T T T T T T T | T T T | T T T
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Z [ [epi>10Gev e PYTHIA 8 A14 - % 10 180 p9>10Gev o PYTHIA8 A14  —
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--- Herwig7 - ch:_ --- Herwig7 i
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rack-pased Underying

e Similar scaling of all regions at low pr, transition at about 5
GeV

e Then the distributions in the transverse regions flatten,
indicating U dominance in those regions

e [he hard process dominated regions show a clear pr
dependence also at high pr

transverse (min)

60° < |A¢| < 120°

leading charged particle

towards
|Ag| < 60°

transverse (max)

60° < |A¢| < 120°

away
|Ag| > 120°

20

—vent analysis
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Irack-pased Underlying zvent analysis

leading charged particle

* No generator is able to describe well the data

towards
|A¢| < 60°

* UE+hard scattering are collectively well described by all
generators (but EPOS) for pr>10GeV

transverse (min) transverse (max)

60° < |Ag| < 120° 60° < |Ag| < 120°

away
|[Ag| > 120°

o Trans-diff region for pt>10GeV is well described only by EPOS
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rack-pased Underying

HESZ 2017 | September 26-29, 2017, Nagoya, Japan

e Sensitive to the energy distribution in the UE

« No generator describe the data well in all regions, data typically

described within 10% by all generators

e Monash tune performs best across the Pythia8 tunes

Trans-min region

( mean P, ) [GeV]

Model / Data

- Transverse region

p, > 0.5GeV, Inl<2.5

F P > 1 GeV

¢ Data
----- PYTHIA 8 A14 --- Herwig7
— PYTHIA8 A2 ---- Epos -

I L
ATLAS ]
Vs=13TeV, 1.6 nb™

— — PYTHIA 8 Monash -

30
p'Te"’ld [GeV]

(mean P, ) [GeV]

Model / Data

Trans-max region

T I T T T T I T T T T I T T T T I T T T T I T T T T ]

1.2:— Trans-min region ATLAS —
p, >0.5GeV, Il <2.5 Vs=13TeV, 1.6 nb" |

1= pl*>1GeV ]

0.8

¢ Data
e PYTHIA 8 A14
0.7k — PYTHIA 8 A2
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e New 13 TeV

summary

measurement of underlying-event and

MiNiMuM-bias sensitive observables performed by the
ATLAS collaboration

e [he descript

few percent
mprovemen

on of the data Is typically good within a
Out clear evidence of room for

' from several opservables

e Data have percent level precision and offer constraining
power for generator tuning



