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Outline:

l. Introduction:
# The Large Hadron Collider - LHC

& ATLAS / CMS / ALICE

II. QCD measurements with early data:
#® Minimum bias events
@ Track-based underlying event

@ First look at energetic jets:

» Inclusive jet production
» Dijet distributions

» Internal jet structure

» Charged particle flow

lll. Summary

A.Moraes Abingdon, 21st September 2010.
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ATLAS

» Design specifications:

\\ \\71,“ « =

» p-p collisions at +/s=14TeV (x7 wrt Tevatron) : Ko ;-/
XY / ;‘_
N Y

» design luminosity 1034 cm=2s~! (x100 wrt Tevatron)

» bunch crossing every 25 ns (40 MHz)

» Current operation:

» Re-started p-p collisions in November 2009: pp collisions at +/s=0.9 (2.36)TeV
» it has been running for the past few months on “physics mode” at v/s=7TeV
» expect to collect hundreds (?) of pb-1, before “long” shutdown for upgrades.
» moderate pile-up early on.
A.Moraes Abingdon, 21st September 2010.
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The Large Hadron Collider

Total collisions at 7 TeV (16/09/2010): ~250 billion (per experiment)

LHC 2010 RUN (3.5 TeV/beam) _ o

» Ramping-up the luminosity:
— beam set-up is continuously
being improved allowing steep rise
in data accumulation.

By

PRELIMINARY (+10% scale)

» Recent configuration for collisions:
— 36 bunches per beam;

ALICE* ; — >10!1 protons per bunch:;

CMS / TOTEM — peak luminosity ~ 1031 cm2 s-1

LHCb

ATLAS

» Plans for 2010-11 run:
— peak luminosity ~ 1032 cm=2 s-1
— up to 800 bunches per beam
— record ~1fb' of integrated
luminosity.
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* ALICE : low pile-up since 01.07.2010

LHC News: http://lhc.web.cern.ch/lhc/News.htm

A.Moraes Abingdon, 21st September 2010.
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The Large Hadron Collider
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Total collisions at 7 TeV (16/09/2010): ~250 billion (per experiment)
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» Ramping-up the luminosity:
— beam set-up is continuously
being improved allowing steep rise
in data accumulation.

» Recent configuration for collisions:
— 36 bunches per beam;
— >101! protons per bunch;
— peak luminosity ~ 1031 cm2 s-1

» Plans for 2010-11 run:
— peak luminosity ~ 1032 cm=2 s-1
— up to 800 bunches per beam
— record ~1fb' of integrated
luminosity.

LHC News: http://lhc.web.cern.ch/lhc/News.htm

A. Moraes

Abingdon, 2 | st September 2010.
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Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

The ATLAS Collaboration,
G. Aad et al., The ATLAS Experiment at the CERN Large Hadron Collider, JINST 3 (2008) S08003

A.Moraes Abingdon, 2 | st September 2010.
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CMS: Compact Muon Solenoid & g Glasgon

SILICON TRACKER

CMS Detector ™"
~im*  ~B6M channels

Microstrips (80-180um)
~200m* ~9.6M channels
CRYSTAL ELECTROMAGNETH(
CALORIMETER (ECAl

~76k scintillating PBWO, crystals

PRECLHMUVER
FRESHUWEK

Silicon strips
~16m* ~137k channels

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil > 94k
carrying ~18000 A Q9 FORWARD
& CALORIMETER
Steal + quartz fibres

HADRON CALORIMETER (HCAL) =EK CHANOIS

Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS

Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plale Chambers

Magnetic field :38T

\ﬁ A. Moraes Abingdon, 2| st September 2010.
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FILTER

Abingdon, 21st September 2010.
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wSome examples of (preummmj) detector

performance resulks
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LHC Parton Kinematics & 7 Glasgon

» Essentially all physics at LHC are connected
to the interactions of quarks and gluons

(small & large transferred momentum). i X; 5 = (M/14 TeV) exp(+y)
= Q=M

» Experience at the Tevatron is very useful, but
scattering at the LHC is not necessarily just
“rescaled” scattering at the Tevatron.

» dominance of gluon on sea quark

scattering;
» large phase space for gluon emission and

thus for the production of extra jets; L M=100Gev
» intensive QCD background! 5

y= /6

» This requires a solid understanding of QCD. . '

F M =10 GeV
» The kinematic acceptance of the LHC detectors !
allows a large range of x and Q? to be probed 5
( ATLAS & CMS coverage: [n| < 5).

Abingdon, 2 | st September 2010.

A. Moraes



Before we are able to claim
discoveries, we will need ko

underskand and exptaim the
QACD environment ot the LHC!

Y“ A.Moraes Abingdon, 21st September 2010.



QCD results from ATLAS (public); R

Soft QCD

measured with ATLAS detector

Jet Physics

Observation of Energetic Jets in pp Collisions at Vs=7 TeV using the ATLAS Experiment at the LHC

Available from: https://twiki.cern.ch/twiki/bin/view/Atlas /StandardModelPublicResults

A.Moraes Abingdon, 21st September 2010.
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QCD resulks from (public): B piersity

Analysis Approved CDS Entry Luminosity
Plots

Transverse momentum and pseudorapidity distributions of charged hadrons in pp collisions at sqrt(s) = TWIki
0.001/nb

0.9 and 2.36 TeV

First Measurement of the Underlying Event Activity in Proton-Proton Collisions at 800 GeV at the LHC

Two-particle correlations and cluster properties from two-particle angular correlations in p+p collisions
atsqrt(s) =0.9,2.36 and 7 TeV

Measurement of Bose-Einstein Correlations in 0.9 and 2.36 TeV proton-proton Collisions with the CMS
Experiment

Charged particle multiplicities in pp interactions at sqrt(s) = 0.9, 2.36, and 7.0 TeV

Measurement of the Underlying Event Activity with the Jet Area/Median Approach at 0.9 TeV

Transverse-momentum and pseudorapidity distributions of charged hadrons in pp collisions at sqrt(s) =

7 TeV 0.001/nb

Strange Particle Production in pp collisions at sqrt(s) = 0.9 and 7 TeV
Measurement of the Underlying Event Activity at the LHC

Measurement of the Inclusive Jet pT spectra in pp Collisions at 7 TeV
Measurement of the 3-jet to 2-jet Cross Section Ratio in pp Collisions at 7 TeV

Hadronic Event Shapes in pp Collisions at 7 TeV

Available from: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD

A.Moraes Abingdon, 21st September 2010.
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QCD resulks from ALICE (public): {9 \iveriy

Latest General ALICE Publications - "Evaluation of the SPD eciency with first data”

Author List: V. Altini, G.E. 8runo, D. Ella, R. Ferretti, V. Manzari and A, Mastroserio
Journal: ALICE Internal Note

Details _Download

Alignment of the ALICE Inner Tracking System with cosmic-ray tracks . March 6, 2010
pseudorapidity density at sqrt(s) = 900 GeV (EPIC). December 3, 2009

ALICE@LHC . August 14, 2008
Title: *The Shuttie: The ALICE Framework for the Extraction of the Conditions Data”

PPR Vol 11. September 13, 2006 Author List: Chiara Zampolli, Federico Carminati, Alberto Colla
PPR Vol 1. October 20, 2004 Journak  Procesdings OF Scilence
Details Download

All General ALICE Publications st | MR Schmict, GSI Darmstadt

Journal: Journal of Physics Conference Series (JPCS)
Details  ( Download
Alignment of the ALICE Inner Tracking System with cosmic-ray tracks

(March 6, 2010) ALICE collaboration 2010 JINST 5 PO3003 Received 22 december 2009 , accepted for “Th nmissioning of the ALICE time-of-fiaht detect d results from the 2008 -
publication 8 february 2010 Published 3 march 2010 http://iopscience.iop.org/1748-0221/5/03/P03003 Title: = e com '715: oing ¢ me-of-fiio gctor and results fro ¢ SRsm
Read more Author

ALICE (A Large lon Colider Experiment) Is the LHC (Large Hadron Collider) experiment devoted to List:

investigating the strongly interacting matter created in nudeus-nucleus collisions at the LHC energies. Journal:  NIM

The ALICE ITS, Inner Tracking System, consists of six cylindrical layers of silicon detectors with three Details Oownload

different technologies; in the ocutward direction: two layers of pixel detectors, two layers each of drift, T

and strip detectors. The number of parameters to be determined In the spatial alignment of the 2198

sensor modules of the ITS is about 13,000. The target alignment precision is well below 10 pm in Title: “Alianment of the A
some cases (pixels). The sources of alignment information include survey measurements, and the . _
reconstructed tracks from cosmic rays and from proton-proton collisions. The main track-based Author List: ALICE collaboration
alignment method uses the Millepede global approach. An iterative local method was developed and Journal:  JINST 5 PO3003
used as well. We present the results obtained for the ITS alignment using about 10 5 charged tracks Details ‘Download

from cosmic rays that have been collected during summer 2008, with the ALICE solenoidal magnet

—— b e oA

ALICE-TOF

nner Tracking S m with

Available from:
http://aliceinfo.cern.ch/Collaboration/Documents/editorialNews.html
http://aliceinfo.cern.ch/Collaboration/Documents /Publications/index.html

A.Moraes Abingdon, 21st September 2010.
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Hadron-hadrown collisions e

Essentially all physics at high-energy hadron colliders
are connected to the interactions of quarks and gluons
(small & large transferred momentum).

Hard processes (high-p+): well described by
perturbative QCD

Soft interactions (low-py): require non-perturbative
phenomenological models

\ﬁ A.Moraes Abingdon, 2 st September 2010.



Hodron-hadron collisions Unjersicy

Essentially all physics at high-energy hadron colliders
are connected to the interactions of quarks and gluons
(small & large transferred momentum).
Hard processes (high-p+): well described by
perturbative QCD

Soft interactions (low-py): require non-perturbative
phenomenological models

HERAS running of o (n)
T L i (otosive jots BT ] Soft Interactions: Problems with strong
OIS BT - coupling constant, o (Q2), saturation effects,...

ZEUS 96-97 (dijets, p=Q) ]
* ZEUS 96-97 (inclusive jets, p=E% ) |

— from o  (M,)=0.1184 A 0.0031 7

4 Inelastic hadronic events are dominated by
“soft” partonic interactions.

] On average, inelastic hadron-hadron
collisions have low transverse energy, low
multiplicity.

— 10

o h | “
| A

\XI A.Moraes Abingdon, 2 st September 2010.
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 Selecting high-energy hadron collisions (strategy developed by UAS)

Non-diffractive
inelastic

Single diffractive

Double diffractive

Phys. Rep. 154, 247(1987)
Z. Phys. C 43, 357(1989)

A.Moraes Abingdon, 21st September 2010.
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 Selecting high-energy hadron collisions (strategy developed by UAS)

Non-diffractive |
inelastic

Siigr-ttiactive

seiq wnwiulp

[Double diffractive]—

Phys. Rep. 154, 247(1987)
Z. Phys. C 43, 357(1989)

A.Moraes Abingdon, 21st September 2010.
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Reconstructing minimum bias events TR

» The goal is to reconstruct the event and recover all
charged particles;

» main limitation: soft track reconstruction!

» “typical” reconstruction: low p; cut set to 500MeV;

|
S 140

Z 120

100
80

60
MC primary charged particles

40
20

0.5 1

wIII|III|III|III|III|III|III|II

2

R=1225mm
Pixel

els <R =885mm
R=505mm }——"

R=0mrn1,

A. Moraes (schematic view of the ATLAS ID)



Reconstructing minimum bias events

» The goal is to reconstruct the event and recover all
charged particles;

» main limitation: soft track reconstruction!

» “typical” reconstruction: low p; cut set to 500MeV;

l

|
S 140

—

Z 120
100

80

60
MC primary charged particles

wIII|III|III|III|III|III|III|II

(@
0)
S

A. Moraes
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» Several strategies already
available to push this limit to
pr ~ 100 MeV;

» Avoid large extrapolation
factors for measurements
such as dN,/dn.

els<R=885mm
R=505mm p—"

R=0mm1_

{R=1225mm
Pixel

(schematic view of the ATLAS ID)
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Measuring “minimum bias” evenks ak the LHC @w‘www

@ pp collision at +/s=900GeV

@ First physics publication with LHC data: Eur. Phys. ]. C 65 (2010) 111-125

— 284 collision events!

— Very early study...relied quite heavily on MC corrections
(cross-section, systematic estimates, etc.)

T

Y: A.Moraes Abingdon, 21st September 2010.
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ALICE - Minimum Bias measurements &Y of Glasgow

dN,,/dn
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Vs = 900 GeV

® ALICE pp NSD A UAS pp NSD
ALICE pp INEL s UAS ppb INEL

. C65(2010) 111-125

s ISR (pp) INEL
UA1 (pp) NSD
UAS (pp) INEL
UAS (pp) NSD

v CDF (pp) NSD
ALICE (pp) INEL
ALICE (pp) NSD

‘A

\s (GeV)

Uncertainty

Tracklet selection cuts

Material budget

Misalignment

Particle composition
Transverse-momentum spectrum
Contribution of diffraction (INEL)
Contribution of diffraction (NSD)
Event-generator dependence (INEL)
Event-generator dependence (NSD)
Detector efficiency

SPD triggering efficiency

Background events

Total (INEL)
Total (NSD)

Abingdon, 2 | st September 2010.
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CMS - Minimum Bias measurements Y o Glasgow
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http://dx.doi.org/10.1016/j.physletb.2010.03.064
http://dx.doi.org/10.1016/j.physletb.2010.03.064

ATLAS - Mininmum RBlas measurements mﬁ;’}ﬁ};@iﬁ;

A |

< 500 MoV, |71 < 25, OEL
1|

ATLAS
s = 900 GeV

A

@ ATLAS presented

measurements for an

inclusive inelastic sample

(avoiding model-dependent == Data 2009

ey

=== Data 2009
. — PYTHIA ATLAS MCOS — PYTHIA ATLAS MCOS
corrections). -+ PYTHIA ATLAS MCOS¢ PYTHIA ATLAS MCOS¢
.9 PYTHIA DW ATLAS PYTHIA DW
PYTHIA Perugial PYTHIA Perugial

\s = 900 GeV .
. . . . : P . P
— Require = 1 MBTS counter to fire on either side “t HOJET ] > __,HO"ET

1IN, 1/(2np_) 0N, /dndp_[ GeV 1]
onb ob O_‘

—

o
-
=

== Data Uncertainties == Data Uncertainties

— At least one primary vertex reconstructed e} MC / Data MC / Data T '

~

-
oo —

Y
o

— No additional primary vertices

— Require = 1 track (pr>500MeV, |n|<2.5)

25215105005 115 2 25
n

p_ >500MeV, Inl<25n,=

ATLAS
Vs = 900 GeV

@ Results are NOT directly p- > 00 MeY. Tl <25, 21
comparable to ALICE, CMS . \,g”;-gfeev
and previous experiments. '

{p)[GeV])

@ The charged particle densities

in n and pr are not “perfectly” «e= Data 2009 b == Data 2009
- PYTHIA ATLAS MCD2 B\ PYTHIA ATLAS MC09

described by any of the MC tunes. PYTHIA ATLAS MCOge -+ PYTHIA ATLAS MC09c

PYTHIA DW . PYTHIA DW
PYTHIA Perugia0 PYTHIA Perugia0

<« PHOJET

@ Phys. Lett. B 688 (2010) 21_42-2
3 oo

MC / Data ' MC !/ Data
o 20 30 4 0 20 3
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Mininmum bias measurements at vs=7TeV of Glasgow

B ATLAS: pp collision at /s=900GeV

ATLAS
1A EXPERIMENT

2009-12-06, 10:03 CET
wn 141749, Event 405315

Collision Event

npoVatias web cem chiAas/'oubiEVTDISPLAY fevents himi

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.htmi

@ ATLAS: pp collision
at /s=7TeV
 —

A
. 7 O

———1% [ ©ATLAS

-iEXPERIMENT

Run Number: 152166, Ev Numbe
Date: 2010-03-30 13:28:15 CEST

A. Moraes



ATLAS: Charged particle distributions for NSRS
tracks with pr » 100MeV o

]T B L TI LI IT TeynrT II T ]Y"TT‘ITXTI UL

p_>100 MeV, |n|<2.5,n,,>2

1/N,-dN_ /dn

ATLAS Preliminary
== Data\s =7 TeV
== Data\s=0.9 TeV

1 J - 11 l L1 Jl L1 ll'll L) lL‘Jljlllll L1

252151050 05 1 1.5 2 25
n

of Glasgow

| = PYTHIA ATLAS AMBT1
PYTHIA ATLAS MCO09
== PYTHIA ATLAS MC0Sc
- PYTHIA Perugia0
*PYTHIA DW
- PYTHIA 8
PHOJET

oS
A Data — 2

A A el el el e )

10°
\ s [GeV]

» Major improvement: track pt threshold reduced from 500MeV to 100MeV
(probing softer particle production). Measurements at 7TeV were made over a
much larger sample (~10M events) than in the previous analysis.

@ ATLAS-CONF-2010-046

)

E’._‘\
NPr«>»

A. Moraes

Abingdon, 21st September 2010. 22



CMS NSD
ALICE NSD
UAS5 NSD
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CMS: Mininmum blas measurements at vs=7TeV & 7 Cinson
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» Measurements at different c.m. energies are crucial for an accurate
understanding (prediction) of the evolution of inelastic hadronic processes.

A. Moraes

Abingdon, 2 | st September 2010. 23



ALICE: Mininmum bilas measurements ak University
Vs=7TeV
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@ ALICE presented measurements for
an inclusive inelastic sample using an
event selection similar to that employed
by ATLAS.
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ATLAS event with 4 F?E;Lewu,[v vertices
i 7 TeV collisions

CATLAS
A EXPERIMENT

Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST

Event with 4 Pileup Vertices
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SN X L= in 7 TeV Collisions
N R
< 4 .

LN ~ ——

| — _ y
~ {1 \ ) — | ]

[ > - T — —
1( - I !

/| A \ ! :

/ 1/ X \ \ - \ |

| |l“‘ \ \\ { /
- . J/ "\ B3 < \'x_:.\ - 2 . A ' ’,"

’ ‘\\ \ 1\ »
) » |’ )
f | '.l \ » \ .
J AR = 7:’
\ \ -
] '| \ I‘ak.
" ) -

\ﬁl A.Moraes Abingdon, 21st September 2010. 25



iie University

of Glasgow

~aoing forward ko higher luminosikties

ATLAS Barrel Inner Detector

B Understanding of single inelastic
collisions is essential.

@ High-luminosity environment: can have
up to 23 - 25 minimum bias pp collisions
per bunch-crossing, ie ~1000 extra tracks!

Low-luminosity

L=1033 cm~2s-1

B SLHC: from 2017(?), luminosity 10x greater
than design value (Lsthc = 103> cm~=2 s71)

M higher event rates

M better statistics & signal significance

M sensitivity for smaller cross-sections

B Understanding multiple pp collisions will be
essential for most of the discovery channel
both in the Higgs and Supersymmetry sectors!

L=1034 cm~2s-1

<k
X

.
.

High-luminosity "
(LHC design) ;

A.Moraes Abingdon, 21st September 2010. 26
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Measuring the Umderi.jw\g Event & of Glasgow

» The underlying event: All particles from

a single particle collision except the
process of interest.

- Sometimes, the underlying event can also be defined

as everything in the collision except the hard process the underlying
(high-Q?).

» Common mis-conception: in the pre-
Tevatron era, the activity in the underlying event

(particle multiplicity, pts™, ...) was assumed to Ei’;’gegsj‘;';s‘"t‘g;ﬁjn‘g?-
- . . . T ’

be “approximately” the activity measured in top pair, Z boson)

minimum bias events.

Phys. Rev. D65, 092002 (2002).

A.Moraes Abingdon, 21st September 2010. 27
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More detailed look inko khe umd&rl:jw\g event... (’f(;l;lxg()\ﬁ'

=3 .

2K Influenced by contributions from:

@ parton showers (ISR/FSR)

B multiparton interactions

(cross-section raises faster than
originally thought!)

B beam remnants

B colour field connecting hard-
scatter to beam remnants

(this appears to be essential to get

correlation <pt> - nchg correctly
described)

¢ Experimental challenge: define observables that allow us to
“isolate” individual components of the underlying event!

¢ Modelling challenge: vary model parameters consistently so
most (if not all) observables can be properly described

A.Moraes Abingdon, 21st September 2010. 28
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The uv\dertjtug event in pp collisions ot Vs =2 14 TeV & ofCGlasgow
(simulation)

CDF - Run | “Style”

-
N

4 » PYTHIAG6.214 - tuned

Charged particles:

p.>0.5 GeV and |y|<1 PHOJET1.12

Cone jet finder: R=0.7

Transverse < N, >
Y
—

® CDF data

Leading ,

-

- AAAAAAL L,
. A AAA, 4 A
Toward . AA AATAA

| Ad 1< 60 °

R X

x3

1
1
'Transverse <

' o 0 S P
60°</ g < 120° T

:-I-"I“'ll-""".-"'#—*** i x1.5
\ 4

seos

Away | 4 anee el #**#‘#ﬂ#’*‘ﬂ#éﬂﬁ

S Adl>120°

UE particles come from
region transverse to the
leading jet.

P, (leading jet in GeV)

Tevatron

EPJ C 50, 435 (2007)
A.Moraes Abingdon, 21st September 2010. 29




Measuring the underlying event at the LHC: QD ey
CMS measurement

@ CERN-PH-EP/2010-014

SRR ® Uncorrected data. MC after full simulation.
ot A0l<60° &

-~ -
~ ’

transverse “._.* transverse @ Reconstructed track distribution in regions

60<140/<120°, .+ " 7~ _60%|40/<120° defined by the leading track in the event.
o7 away T
|AQ|>120° S

® pp collisions at +/s=900GeV
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Measuring che underlying event at the LHC: e
CMS measurement

CMS preliminary _

w
T

|III|III|III|I
CMS preliminary -
- — PYTHIA-6 D6T ]
---PYTHIA-6 DW
- -~ PYTHIA-6 PO
PYTHIA-6 CW

no
&)

[\®)

—
O

+ Data 7 TeV
+ Data 0.9 TeV

—

o
&)

charged particles
(b, >0.5 GeVic, nl <2, 60° < IA¢l < 120°) ]

II|III|III|III|III|III|III|II_
2 6 8 10 12 14

Leading track-jet P, [GeV/c]

7 TeV /0.9 TeV d®N,, / dn d(A¢)

OOIIIIIIIIIIIIIIIIIII

<

B Uncorrected data. MC after full
simulation.

® pp collisions at +/s=900GeV and

charged particles
J P /TeV

([Z)T > 0.5 GeV/c, Iml <2, 60° < A9l < 120°)

10 20 30 40 50
Leading track-jet o [GeV/c]

@ Leading track-jet used as reference

@ PAS QCD-10-010

A.Moraes Abingdon, 21st September 2010.



Measuring ehe uv\c&ertviv\g event at the LHC: University
ATLAS measurement

& (jf‘( lasgow

» Event selection: I

ATLAS Prelifninary

RS, ’ = 900 GeV
— full 900GeV sample (same as used for Minimum Bias) p,> 0.5 GeV and n| <2.5, i ©

-7 TeV E P> 1.0,1.5,2.0, 2.5 GeV, bottom to top
Data 2009

— L1 MBTS 1 > 1 hit 6/ PYTHIA ATLAS MCO9 Tune

— At least one primary vertex reconstructed

— No additional primary vertices with 4 or more
associated vertex tracks

— At least one selected track with pt > 1.0 GeV

'eading traCk : A(I’wrt leading track[rad]

e ‘ I
ATLAS Preliminary _
toward

ol lA0k<60° - p>0.5 GeV and [n| <2.5, \s=7TeV

~ -
-~ -

~ - lead
transverse “.__-° transverse Py >1,2,3,5 GeV, bottom to top
o ) > ‘N 0 o Data 2010
<|AO<120 . N <|A0|<]2
60<la¢i<120 J<an<lZ0 PYTHIA ATLAS MC09 Tune
_.*7  away

1A0>120°

ATLAS-CONF-2010-081

Ad [rad]

wrt leading track




Measuring che underlying event
ATLAS wmeasurement

T e | 1

1 ‘[ 1] ' I | 1]
All 3 Regions
p.> 0.5 GeV and n| <2.5

Data 2010,

Data 2010, Transverse Region
PYTHIA ATLAS MCO09 Tune
oward Region
PYTHIA ATLAS MCO09 Tune
Data 2010, Away Region
PYTHIA ATLAS MCO09 Tune

3| S50 TS :
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Data at 900 GeV

PYTHIA ATLAS MC09 Tune at 900 GeV
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» The number density is higher than predicted by any of the MC tunes.
» The difference is more significant at 7 TeV (energy extrapolation!).

» Comparing number and sum pt densities for 900GeV and 7 TeV measurements:
crucial information for a better understanding on how to model the energy

extrapolation!

ATLAS-CONF-2010-081

P ' * [GeV]

Abingdon, 2 | st September 2010.




Measuring Jets at the LHC

" \[Dijet Mass : 2.130 Tev

Run : 138919
Event : 32253996

_ Jet 1 Py 585 GeV

@ CMS: Dijet Mass 2.13 TeV

A. Moraes

CATLAS

A EXPERIMENT

iie University

of Glasgow

@ ATLAS: event with a very high pr
leading jet

- the highest pt jet has a prof 1.12
TeV, the second leading jet has pr
of 480 GeV.

Abingdon, 2 | st September 2010.
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Inclusive Jet produc&uou: ATLAS of Glasgow
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Inclusive jet production: CMS BB Ceon

CMS preliminary, 60 nb s =7 TeV
10 ¢ F ¢ k] TR Events are collected from a

« lyl<0.5 (x1024) combination of Minimum Bias
o 0.5=lyl<1.0 (x256) and jet triggers.
« 1.0<lyl<1.5 (x64)

1.5<lyl<2.0 (x16) Inclusive jet cross section
2.0<lyl<2.5 (x4) unfolded to the particle level.

2 5<lyl<3.0 (x1)

®@ Main systematics for inclusive
jet cross section, as for most
other jet analyses:

B jet energy scale (5%),
@ jet resolutions (10%) and
N B luminosity (11%).
—— NLO pQCD+NP
Exp. uncertainty 4 !

Antl l( R=0.5 PF QCD-10-011 B Inclusive jet prt spectra are in
L) Rty g g gy | good agreement with NLO

20 30 100 200 1000 theory.
p, (GeV)

CMS-QCD-10-011 Abingdon, 2| st September 2010.

A. Moraes
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Dijet Mass and X Distribution: ATLAS & 0/Ghsgow

l

1 1 I I
- ATLAS Preliminary
anti-k, jets, R=0.4 —e— 340 <m,, <520 GeV (x 1€2) :
Ldt=17nb",\s=7TeV  __ 520 m,, < 800 GeV (x 1e1)

~ ATLAS Preliminary

B anti-kl jets, R=0.4 —— 2.1 <yl
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Total syst. unc. —a— 08 <yl
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" —h — —k — —i
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anti-kr,

lead. jet pr> 6.0 GeV, @ x can be used to look for
second lead. jet pt> 30 GeV, signs of new physics (excess

ly| < 2.8 at low x).

A. Moraes ATLAS-CONF-2010-050 Abingdon, 2 I st September 2010.
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Dijet Mass and X Distribution: CMS

CMS Preliminary 5 ’ N CMS Preliminary
\/s =7 TeV - \/s =7 TeV
L=72nb" T L=72nb’

\s=7TeV
anti-k; R = 0.7 CaloJets

M, > 354 GeV
|n1,n2 | <1.3

—e— Data(L=120nb™

——— QCD Pythia + CMS simulation
[ ] 10% JES uncertainty

do/dm (pb/GeV)

CMS Preliminary
\s =7 TeV
L=72nb"

1N dN/dy, .

—+— data
NLO + non-pert.

B scale + PDF unc.

CMS Preliminary

/

T R R R R R SRR
1000 1500 2000
DiJet Mass (GeV)

] | ]
500

B TeV (dijet) mass range being probed!

B Results presented agree with SM predictions (both
from ATLAS and CMS).

CMS-EXO-10-001 CMS-QCD-10-015
A.Moraes Abingdon, 21st September 2010.
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Dijet azimuthal decorrelation: CMS  &oChwow

detector level
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sensitive to higher order
QCD radiation effects

CMS-QCD-10-015
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Mu&"{je& Pro dU.CE ‘-OV\: ATLAS & of Glasgow
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Charged Particle Flow: ATLAS

jié University

(jf‘( lasgow

=3

» independent information (from tracks) on
the final state topology.

» |yiet| <1.9, so tracks are within the Inner
Detector acceptance (|y|<2.5)

S —————
anti-k, jets R = 0.6 |AY'|<0.6

P >30GeV, |y <19

£
0
A
>
()
O,

plateau of remaining
hadronic activity

dijets

06<|A y: |<1.2
@ Data |Ldt=1nb"’

— PYTHIA

Statistical errors only

.
4

off >

reliminary 1.2<

A.Moraes Abingdon, 21st September 2010.
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«obher resulks aireadj available & o/ Glasgow
(public notes)

¢ Study of diffractive enhanced (and limited) samples (ATLAS)
¢ Angular correlation between charged particles (ATLAS)

¢ Measurement of the UE with the Jet Area approach (CMS)

¢ MC tuning to early LHC data (ATLAS & CMS)

¢ Strange particle production (CMS)

¢ Hadronic event shapes (ATLAS)

¢ Measurement of dijet production with a jet veto (ATLAS)

¢ Two particle correlations (CMS)

¢ Anti-proton to proton ratio (ALICE)

¢ Measurement of Bose-Einstein correlations (ALICE & CMS)

;@ EEN

...many more to come!

N

\ﬁh A. Moraes Abingdon, 2| st September 2010.
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The search for “New Physics” at the LHC has begun with studies aimed at
understanding the detector and the hadronic environment in LHC collisions.

Data and QCD predictions are (generally) in good agreement.

“Early” measurements = “Easy” measurements! Remember: brand new physics
environment & new technologies.

Performance of trigger systems and detectors have been the focus of this early
round of data taking / analysis.

Increasing effort is now being shifted to physics analyses.

Early characterisation of minimum bias events with track measurements has been
successfully performed for both +/s=900 GeV (2.36 TeV) and 7 TeV.

First measurements of the underlying event have also been made.

Jet studies are quickly evolving from performance to physics results (check ATLAS
and CMS contributions recently presented at ICHEP, HCP and other conferences).

Very promising start of a new era of collider physics...discoveries are “just” in the
horizon!

A.Moraes Abingdon, 21st September 2010. 43
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SM ab Ehe LHC: what can be done
with early data?

¢ Goals of SM physics studies with early data:
%k Use W, Z and top to calibrate the detector & triggers.

3k Control W, Z, top and QCD multi-jets to properly estimate
the background for physics beyond the SM

3k Improve current SM measurements to provide stringent
consistency tests of the underlying theory.

A. Moraes

E few pb-1
L~103%to 1031 cm2s-!

several fb-!
L~1032to 1033 cm—2s-!

Abingdon, 2 | st September 2010.
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SM ab the LHC: what can be done
with early data?

¢ Goals of SM physics studies with early data:
%k Use W, Z and top to calibrate the detector & triggers.

3k Control W, Z, top and QCD multi-jets to properly estimate
the background for physics beyond the SM

3k Improve current SM measurements to provide stringent
consistency tests of the underlying theory.

[ Extensive test beam characterization of
prototypes and final modules. Also used for
validation of G4 simulations.

‘In situ’ detector calibration:
A Cosmics runs;

i,E University

& of Glasgow

E few pb-!
L~103%to 1031 cm2s-!

several fb-!
L~1032to 1033 cm—2s-!

A Single beam 3 1as runs during LHC

[ ] Calibration with physics processes;

— Procedure valid for all sub-detectors,

HCAL, inner trackers, Muon Chambers.

ECAL’ OMSOEaMSQQQ

] Need to “re-discover” the SM at the LHC before

claiming any discovery of new physics!

A. Moraes

Abingdon, 2 | st September 2010.



