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Outline

» The ATLAS experiment and the Inner Detector

» Reconstruction of known particles in Minimum Bias Events

» Charged particle multiplicity spectra
» Underlying event measurements

» Two-particle angular correlation
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Motivations
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Non-Diffractive (~49 mb) Single-Diffractive (~14 mb) Double-Diffractive (~9 mb)
@7TeV @7TeV @7TeV

» Soft QCD processes are unavoidable background for a lot of collider observables
(in particular jet cross-section, missing energy, isolation cuts...)
»Not well understood since non-perturbative physics is involved.

» Phenomenological models and new tune can be tested looking at the agreement

Roberto Di Nardo — University & INFN Tor Vergata

between data and Monte Carlo for various soft QCD distributions.

» Visible effect in the tuning also at high-p. (e.g. colour reconnection)

)
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The ATLAS Experiment
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The ATLAS Experiment

HADRONIC CALORIMETER:
Iron scintillator Tiles

Resolution AE/E = 50%/VE(GeV) ® 3%

ENDCAP

MUON SPECTROMETER:
3 Toroidal magnetic field(1 barrel,2 endcap)
MDT, RPC in the barrel
MDT, TGC, CSC endcap

INNER TRACKER:
PIXEL (6g=10pm), SCT (cx=17pm),
TRT (0g=50pm), in 2T soleinodal

magnetic field

ENDCAP
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EM CALORIMETER:
Alternate layers Pb-LAr
Resolution AE/E = 10%/VE(GeV) &
@®0.5%/E (GeV) ©0.7%
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The ATLAS Inner Detector

rR=1082mm

'mT<

TRT

LR=554mm
(R =514 mm

R =443 mm
SCT{
R =371 mm

LR =299 mm

R=122.5 mm
Pixels { R = 88.5 mm

R =50.5mm //) .
R=0mml ‘

21m
\| Barrel semiconductor fracker
| [t Pixel detectors
] Barrel transition radiation tracker
End-cap fransition radiation tracker
End-cap semiconductor fracker

»Covers |n|<2.5 with 3 subdetectors
> Pixel detector (Silicon Modules)
= 1774 modules, ~80 M channels
" Resolutions: ~10 pm (r¢) — ~115 pm (rz)

»SCT detector (Silicon Strip)
= 4088 modules, ~6.3 M channels
" Resolutions ~ 17 pm (r¢) — ~580 pm (rz)
» TRT detector (straw drift tubes, |n|<2)
= 176 modules, ~0.4 M channels
* Intrinsic tube resolution ~130 pm (ry)
"e*/"PID by detection of transition

radiation y
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The MBTS trigger

» Minimum Bias Trigger Scintillators used to

trigger events to study soft QCD

» Plastic scintillators
» Located at 3.56 m from the interaction point
on each side
» Pseudorapidity range covered: 2.09< |7 | <3.84
»Highly efficient for charged particles
» Different trigger selection possible:

» 1 hit in either side in coincidence with

the BPTX detectors (electrostatic beam
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pick-up detectors located at 175m from the

interaction point)
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ID performances understanding
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Silicon Hit on track

» Good data/MC agreement in the comparison of the average number of
silicon hits on track

» Excellent modelling of the detector in Monte Carlo simualtion
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> Uncertainty in the detector material description in simulation— largest
systematic uncertainties in the measurement

» 10 % material uncertainty reflects into 3% difference in the efficiency
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K’ and A’ reconstruction

»~190 pb? of 7 TeV minimum-bias collision data compared with non-diffractive minimum
bias simulation (Pythia ATLAS MC09 tune)
»Pre-selection: tracks with opposite charge, p>100MeV , at least 2 silicon hit (Pixel +SCT)

K’ —n*n (c1=2.7cm, BF~69%) A—pTn + c.c.(ct=7.9cm, BF~64%)
»Transverse Flight Distance > 4 mm »Flight Distance > 30 mm
>Cos(6,)> 0.999 >Cos(0,)> 0.9998

»Angle between momentum and flight direction

Minimum Bias Stream, Data 2010 §5=7 TeV)

(1]

=

©

[oY0]

han

(]

>

S

=

=2

L

=

o > 35000F e L e e e e R T =
3 X103 Minimum Bias Stream, Data 2010 . s=7 TeV) E E ATLAS Pl'e"l'f'linal’)f E
B > 100F T L LB LR LA B ALEL BLELELE BLALELE BLELE = T 30000 -
(4] = B ATLAS Preliminary 7 0 u ® Dam ]
2 — - _'% 25000 — double Gauss + paly fit —]
S P 80— 1 ® Da — ] - [ Pythia Mcog signal -
| 'g i = double Gauss + paly fit ] 20000 [ Pythia MCD9 background |
o j L : Pythia MCO9 signal | E E
-rEU 50._— Ks candidates [ Pytnia MCD8 background  — 15000:_ —j
< C In[(@) <1.2 10000F- A candidates
&) 40 7] . ]
o i - || () <12 ]
+ L 5000— oo
O | ] C

Ne) 20-— SR T T (N TN SN T TN (NN NN TN T WO AT SN TN N T TN TR T T (N TR S
C% I . 1110 1120 1130 1140 1150

M P AT T T
400 420 440 460 4B0 500 520 540 560 580 600 Myr [MeV]

m. mev) Fitted masses and widths consistent
with MC and PDG mass values

High-pT 2011 — 4 April 2011



Not only K’ and A

B> An +c.c. and Q2 — AK + c.c.

AM = M(Kn,) - M(Km) [GeV]
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Charged particle multiplicity
spectra

“Charged particle multiplicities in pp interactions measured with the ATLAS
detector at the LHC”

» arXiv:1012.5104v2 ( accepted by New J Phys )

High-pT 2011 — 4 April 2011



Dataset and Event Selection

The Datasets:

360k events 10M events

Vs=0.9 TeV Vs=7 TeV
(~7 pb-1) 4.5M tracks (~190 pb-1) | 210M tracks

The Event Selection:

» MBTS single-cell trigger in coincidence with the BPTX (beam pickup)
»1 Vertex reconstructed
» 2 tracks + Beam Spot
»No pileup (secondary vertex with >3 tracks)
» Track quality cuts (hits)
» cut on the impact parameters at the primary vertex to exclude non primary
tracks

Phase Space considered : (see arXiv:1012.5104v2 for more than these two)

Lower diffractive contribution

Roberto Di Nardo — University & INFN Tor Vergata

Most inclusive
» 22 good tracks »26 good tracks

<, ZPr > 100 MeV 5 [n| =25 »pr > 500 MeV ; |q| <2.5
'V High-pT 2011 - 4 April 2011



Correction procedure

» Event-wise correction for trigger and vertex efficiencies

W (n - )= r L
s gtrig (nfesl ) 8vertex (nsl,sesl )

Fraction of tracks out of
kinematic range

. (1_ fSec(pT , 77)) (1_ fokr(pT ’77))
7)

Fraction of secondaries

» Takes in to account secondary contamination and tracks out of kinematic range
" e.g. Track p;<100 MeV but particle p>100 MeV

» Track-wise correction (e.g. tracking efficiency)

1
8trk ( pT ’

Wev(pT’n):

» N_, and py both corrected using a Bayesian unfolding

Roberto Di Nardo — University & INFN Tor Vergata

» <pr> vs n, — bin-by-bin correction of average py and the n_ migration
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Efficiencies

» Trigger and Vertex efficiencies both measured from data
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> Different models differ in normalization but the shape are almost similar

> Phojet gives the best description of 900 GeV data
» At 7 TeV Track multiplicity underestimated for all the models.
»The variation of the shape between models is little
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1/@2np)1/Nd*N,/dndp,

> Measurement spans 10 orders of magnitude
> Large disagreement at low p; and high py
»>better agreement in the range 0.5-3 GeV

> AMBT1 have a better agreement in the medium p; region
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» The low n_, region not well modeled by any MC

» large contribution from diffractive component

» The peak at 10 particles well described by the new AMBT1 tune
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»Predictions differ significantly between the different models in particular at high n_,
»Best description from AMBT1 and Pythia8

» Shape at high p; well modelled
» High sensitivity of the low n_, shape linked to the different ND,SD,DD fractions
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Underlying Events

» “Measurement of underlying event characteristics using charged particles in pp collisions at s =
900 GeV and 7 TeV with the ATLAS detector”
» arXiv:1012.0791v2 (accepted by Phys Rev D)

Roberto Di Nardo — University & INFN Tor Vergata

> “Measurements of underlying event properties using neutral and charged particles in p-p
collisions at 900 GeV and 7 TeV with the ATLAS detector at the LHC”
:f"\iié » arXiv:1103.1816v2 (submitted to EPJC )
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Underlying Events

»“Underlying Event”: everything except the hard scattering process

= MPI, ISR-FSR contributions, beam-beam remnants
» Transverse region: perpendicular to the hard scattering and sensitive to the
undetlying event

» Used the leading track to identify the leading jet - 60°<|Ag|<120°
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» same correction for trigger, vertex and tracking efficiency as in the Charged

=, Multiplicities distribution analysis
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Angular distributions vs p'¢2d

»Charged particle number density for tracks other than the leading track
" plot reflected wrt Agp=0
" Jet-like shape (higher tracks population in the toward and the away region) is

most evident for harder leading tracks
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» different densities and different angular distributions between data and MC

Roberto Di Nardo — University & INFN Tor Vergata

3
[rad]

wrt lead wrt lead
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Multiplicity

»Density of charged particle (pr>500MeV |%]|<2.5) as function of the leading

track py in the transverse region increase of a factor 2 form 900 GeV to 7 TeV .
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»Plateau value is a factor 2 larger as seen in the Minimum Bias events (due to the high p track
selection effect: more momentum exchange and lack of diffractive contributions in events with

pr* in plateau region)
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Scalar Xp density
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t »None of the tune describe the data well
o]
O (]
2 »DW is the closest to data

» Other tunes underestimate the density.
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ATLAS
\'s =900 GeV

Transverse Region

P> 0.1 GeVand | <25

- - - PYTHIA DW

0.4 &= Data 2009
—— PYTHIA ATLAS MC09 -~ PYTHIA Perugia0
0.2 --.= HERWIG-JIMMY ATLAS MC09 -+ PHOJET

MC/Data

ATLAS
\s =900 GeV

Transverse Region

P> 0.1 GeVand <25

== Data 2009 == - PYTHIA DW

— PYTHIA ATLAS MC09

== HERWIG+JIMMY ATLAS IFCOQ ==+ PHOJET

---- PYTHIA Perugia0
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MC/Data

MC/Data

Lower p threshold

ATLAS
\s=7TeV

=—— Data 2010 - - - PYTHIA DW
—— PYTHIA ATLAS MC09 -- PYTHIA Perugia0
== HERWIG+JIMMY ATLAS MC08 -~ PHOJET

w

25

1.5

0.5

ATLAS
\s=7TeV

.......

== - PYTHIA DW
—— PYTHIA ATLAS MC09 ===+ PYTHIA Perugia0
== HERWIG+JIMMY ATLAS MGO09 - - PHOJET

bt bl

> UE measurements
performed also with a

lower p. threshold

»pr>100 MeV, |n|<2.5

»Poorly reproduced by
models which have a

better agreement for

p>500 MeV
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UE with charged and neutral particles

» Calorimeter based UE measurements

»Sensitive to the neutral component — integrate the result of the track based

analysis
g5oF PYTHIA ATLAS MCos |B geor Data 2010 o geor PYTHIA ATLAS MCoo B
2'40 _ 0.02 g'm _ 02 2’40_ 02
30k 0.015 20k 015 3ok 015
20l 0.01 201 o1 20l 01
[ ATLAS ATLAS [ ATLAS
10 \Vs=7Tev 0.005 \Vs=7Tev 005 10p \s=7TeV .005
ol NP P PR PP | B T T TS P
[1] 10 20 30 40 50 0 10 20 30 40 50
Topocluster vs truth Topocluster vs reco Topocluster vs reco
particles (MC) tracks (data) tracks (MC)
» High calorimetric segmentation: » TopoCluster selection :
»>EM Ay % Ag : 0.003 % 0.1 - 0.05 X 0.025 »pr>500 MeV
» HAD Ay X Ag: 0.1 % 0.1 > |n|<2.5
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Angular distributions

p;'€*d>1GeV

=8= Data 2009
= PYTHIA ATLAS MC09

- = PYTHIA Perugia0

= =PYTHIA DW
=+- HERWIG+JIMMY
=+ PHOJET

ATLAS
\'s = 800 GeV

== Data 2010
= PYTHIA ATLAS MCo09
PYTHIA Perugia0
= PYTHIA DW
+»» HERWIG+JIMMY
* PHOJET

ATLAS
Ns =7 TeV
i PP >1Gev
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p;'¢29>2GeV

p'e24>3GeV

s =900 GeV '
II p'T“d >3 GeV

» Densities are
40% higher with
respect to the UE
with only charged
tracks due to the

neutral component

> None of the MC

describes properly
the data

»Pythia DW and
Herwig

overestimate data
for Agp~0

» Phojet

underestimate data
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» Particle multiplicities in the transverse region

Multiplicity

» Lower particles densities for the various MC tunes wrt data

>»PYTHIA DW is the closest to the data
»PHOJET underestimate the multiplicities

900 GeV

Transverse region

ATLAS
\'s =900 GeV

0.7

0.6

0.5
0.4

=&= Data 2009
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0.3

Dol b b b g
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- e HERWIG+JIMMY
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MC/Data
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N

PYTHIA ATLAS MC09

ransverse region

s=7TeV

Data 2010

------ PYTHIA Perugia0
--- PYTHIA DW

s HERWIG+JIMMY
=== PHOJET

charged+neutral particles p >0.5 GeV [n|<2.5
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Two-particle angular correlation
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Two-particle angular correlations

> The study of correlations between final state particles is a powerful method for

investigating the underlying mechanisms of particle production

»The correlation function is given by: Correlation between emission

in a single event

((New = D) F (Nep, Anp, Ad)) g,
B (An, A¢)

R (An,A¢) = — (Neh = Den

» Different region can be distinguished for the correlation function in AnAg plane
» Agp~7 — back to back jets (away side correlations)

» Ap~0 — particles in a single jet (near side correlations)

(4]
o+
©
[o10]
—
()
>
S
|_
=
L
=
oJ
>
x
(%]
—
()
2
[
)
|
@)
©
—
©
P
a
@]
o+
—
()
o)
@]
o

> | An| <2 — resonances, string fragmentation, clusters (short range correlations)
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Two-particle angular correlations

ATLAS Prellmlnary

900 GeV Data T

900 GeV Monte Carlo (MCOQ) - ]\

ZFtA/ Preli

ATLAS Pr ﬂm\in ary

»

w

7 TeV Monte Carlo (MC09) -

AILAS’F’reIlmm

> After correction
procedure

> The correlation
function in Pythia tune

MCO09 shows similar
structure

: » Strength of the
L correlation different
} between data and MC
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»Near-side: none of the tunes have the right shape. Pythia8 closest to data in the tails

»Short-range: different tunes agree with data only in localized regions
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Conclusions

Roberto Di Nardo — University & INFN Tor Vergata

D

»Performances of the ATLAS Inner Detector well understood
» Reconstruction of numerous resonances demonstrates accurate momentum
scale and modeling of tracking in the multiple-scattering regime
»Minimum bias data taken by the ATLAS detector for \s = 0.9, 2.36, 7 TeV have been
analyzed
» good description of data for p>500 MeV with the AMBT1, worst agteement
for a lower p threshold (p;>100 MeV )
» Results for Underlying Events in pp collisions at Vs = 900 GeV and Vs = 7 TeV at
ATLAS have been presented
»Two-particle angular correlation function has been measured at 900 GeV and 7 TeV.
»None of the MC models reproduce the strength of the correlation (Pythia8

closest to the data)
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Tunings

»The basic components of Pythia that require tuning are the descriptions of:
» Final state radiation and hadronisation,
» Initial state radiation and primordial kT ,
» Underlying event, beam remnants, colour reconnection, and
» Energy scaling.

»Perugial
»PYTHIA Tune based on Minimum bias results from CDF and UA5. No UE data
used
» CTEQS5L parton distribution functions used
» DW
»PYTHIA Tune that use CDF UE and Drell-Yan data (no Min Bias Data)
»ATLAS MC09
»PYTHIA Tune based on CDF Minnimum Bias and UE Measurements (RUN I
and II) plus the D0 results on dijet angular correlations

Roberto Di Nardo — University & INFN Tor Vergata

)
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ATILAS data in AMBT1

Analysis Observable Tuning range
ATLAS 0.9 TeV., minimum bias, ngp = 6 N: - d—ﬂ”—“ -2.5-25
ATLAS 0.9 TeV. minimum bias, ngy > 6 - L. j;;;: >50
8 ATLAS 0.9 TeV, minimum bias, n., = 6 h’i - ‘—:,‘:—f; =20
Eo ATLAS 0.9 TeV, minimum bias, ngy = 6 {pT} V5. Neh =10
o
> 2o
s ATLAS 0.9 TeV. UE in minimum bias {dd:;]‘;g} (towards) = 5.5 GeV
[ 2N
= ATLAS 09 TeV, UE in minimum bias () (transverse) 2 5.5 GeV
Z ATLAS 0.9 TeV. UE in minimum bias {%‘t} (away) >55 GeV
°§. ATLAS 0.9 TeV. UE in minimum bias {d;; d;'T} (towards) = 5.5 GeV
f ATLAS 0.9 TeV, UE in minimum bias ~ (“G=LT) (transverse) > 5.5 GeV
2 ATLAS 0.9 TeV, UE in minimum bias ~ (5220) (away) = 5.5 GeV
-
c|> ATLAS 7 TeV. minimum bias, nep = 6 ﬁ . d:jL”“ -2.5-25
"_EU ATLAS 7 TeV, minimum bias, ny, = 6 .J—N . %nr . :ijrrc};': > 5.0
< ATLAS 7 TeV, minimum bias, ng, = 6 Ni., : %‘;:r—f; =40
% ATLAS 7 TeV, minimum bias, ngp, = 6 {pT} V5. Neh =10
g ATLAS 7 TeV, UE in minimum bias ~ (e) (towards) > 10 GeV
(@] 2 I
o ATLAS 7 TeV, UE in minimum bias {ddl;:j;s} (transverse) = 10 GeV
ATLAS 7 TeV, UE in minimum bias (Ga2) (away) > 10 GeV
ATLAS 7 TeV. UE in minimum bias {d;; d::T} (towards) = 10 GeV
ATLAS 7 TeV. UE in minimum bias {d:j;dg Ly (transverse) = 10 GeV
ATLAS 7 TeV. UE in minimum bias {'H Py (away) = 10 GeV

dipdg




Tevatron data in AMBT1

CDF Run I underlying event in dijet evens[13] (leading jet analysis)
N, density vs leading jet pr (transverse), JET20

1 1

N density vs leading jet pr (toward). JET20

Ny, density vs leading jet pr (away), JET20

¥ pr density vs leading jet pr (transverse), JET20
¥, pr density vs leading jet pr (toward), JET20

¥ pr density vs leading jet py (away), JET20

N density vs leading jet pr (transverse), min bias

DO Run II dijer angular correlations[15]

Dijet azimuthal angle, p7** € [75, 100] GeV
Dijet azimuthal angle, p;'?‘“  [100, 130] GeV
Dijet azimuthal angle, p?‘“ e [130, 180] GeV
Dijet azimuthal angle, p7™* > 180 GeV

Nep, density vs leading jet pr (toward), min bias CDF Run II minimum bias[16]

Ny, density vs leading jet py (away), min bias { pr) of charged particles vs. Ng,. v5 = 1960 GeV
% Pr dens:.%t}r w. Icad!ng!et rr Ltrunﬁverse)., ITII.I'l bias CDF Run 1 Z py[17]

2 pT dens.%t}r Vs Iead!ng !et pr (toward), min _bms i;:} . V5 = 1800GeV

¥ pr density vs leading jet pr (away). min bias dpy

pr distribution (transverse), leading pr > 5 GeV
pr distribution (transverse), leading py > 30 GeV

CDF Run I underlving event in MINMAX-cones[ 14] (“MIN-MAX" analysis)
(PP} vs. E7*, 5 = 1800 GeV

(PPm) vs. EF™, /5 = 1800 GeV

(i) vs. E¥™_ 4[5 = 1800 GeV

(Nmax) vs. EF*, +[5 = 1800 GeV

(N} vs. EF™, 35 = 1800 GeV

Swiss Cheese pp™ vs. EF* (2 jets), /s = 1800 GeV
(PF™) vs. E3™, Vs = 630 GeV

(piPiny vs. EF™, /5 = 630 GeV

(pp") vs. EF™, 5 = 630 GeV

Swiss Cheese p3'™ vs. E]F‘?f"' (2 jets), /5 = 630 GeV
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Parameters in AMBT1

Roberto Di Nardo — University & INFN Tor Vergata

Parameter Related model MCO09c¢ value scanning range AMBTI value
PARP(90) MPI (energy extrapolation) 0.2487 0.18 —0.28 0.250
PARP(82) MPI (p‘,f}m) 2.31 2.1-25 2.292
PARP(84) MPI matter overlap (core size) 0.7 0.0-1.0 0.651
PARP(83) MPI matter overlap (fraction in core) 0.8 fixed 0.356
PARP(78) CR strength 0.224 0.2-0.6 0.538
PARP(77) CR suppression 0.0 0.25-1.15 1.016
PARP(93) Primordial £ 5.0 fixed 10.0
PARP(62) ISR cut-off 1.0 fixed 1.025




y for K° , A and A candidates

Minimum Bias Stream, Data 2010 Ns=7 TeV)
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Proper decay time for K® , A and A

<

Minimum Bias Stream, Data 2010 \'s=7 Te
L B S S B S B S e B Sy S S B B S B B B
F ATLAS Preliminary

)

»No Correction for detector effect applied

Entries / 16 ps

Candidates definitions I: -
1 04 I:I Piih: MCo09 ZS:I;round _E
> | M(K,)-M(Kppg) | <20 MeV :
A candidates ]

» |M(A)-M(A ppo) | <7 MeV

»MC in good agreement with data

b
E I TN T
0 200 400

region for A and A A° Proper Decay Time [ps]

i i N R NP NN RPN PR
» Worts in background dominated T
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Multiplicity vs Vs

»Data at different c.m.e. (@ 0.9, 2.36 and 7 TeV) have been used

ATLAS
O m A Data
— PYTHIA 6 AMBT1
- PYTHIA 6 MC09
— PYTHIA 6 DW
-+ PYTHIA 8
PHOJET 7/‘L

=0

1/N,, -dN, / dn |,
Ol
S PLA L R L B

-
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»pr>100 MeV
» Models underestimate the
particle multiplicity

»p>500 MeV
» Better Agreement for AMBT1

» no model dependent correction applied (well-defined phase-space and no

correction back to a particular component (e.g. NSD))

@ High-pT 2011 — 4 April 2011



