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QCD at ATLAS

Strong interactions Opportunity to probe QCD in
dominate the physics at Motivations a new unchartered high
the LHC p-p collider. We energy kinematic regime —
have to understand it to will the theory hold-up here?
search for new physics! Evidence of new physics?

This talk will Studies of soft

Use anti-K; R = 0.4 summarise ATLAS QCD, diffraction,

and/or 0.6 jets.

measurements of underlying event
“hard” QCD covered separately

Measurements cover
the largest energy processes
ranges and go out to NLO pQCD requires
higher rapidities than Unfolded to particle-level corrections to theory
ever before. for direct comparison to for non-perturbative

theory. effects (n.p.c)

Kinematic ranges defined

by detector-acceptance to Compare to latest NLO
minimise signal modelling pQCD, NLO+MC and LO

systematics +MC predictions




« JES calibrations correct jet p;

arXiv:1112:6426, submitted to EPJC

Experimental Systematlcs

Dominant systematic for most jet-
based observables is the Jet
Energy Scale (JES) uncertainty.

back to particle-level energy on
average. Derived w/ simulation.

Comes with prand n-dependent
uncertainty 2% - 7%.

Fractional JES systematic uncertainty
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Make an in-situ validation of
JES and its uncertainties:

— Y + jet balancing.

— Multi-jet balance at high
Pr-

— Comparisons to track-
jets.



Inclusive Jets (37pb-1)
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Double-differential jet production cross-section in prand rapidity.
« Good agreement between data, NLOJET++ and POWHEG fixed order NLO.
 Significant deviations from data at low/high p; in POWHEG + PS MC.

« Full correlation information for the systematic uncertainties available! 4



ATLAS-CONF-2012-021
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Dijet Production (4.8fb-")
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Double-differential dijet production as a function of mass and y* = |y, — y,|/2.
Up to 40% discrepancies with NLOJET++ at high mass/high y'.
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Dijet

masses up
to 5 TeV!
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Dijets with Central Veto
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— wide-angle soft-gluon radiation = =
1.2 !
Very similar topology to central jet veto used pa T e L
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Comparisons to HEJ (all-order description of wide-angle emissions),
Powheg+Pythia and Powheg+Herwig (also Alpgen, Herwig++ and Pythia).

Powheg+Pythia gives best description as Ay increases. 6



W plus Jets (36pb 1)
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Inclusive Jet Multiplicity Ratio

« Differential cross-sections as a function of
many different kinematic variables:
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« Sherpa in sightly worse agreement than Alpgen.
« Complementary Z + jets measurement also made. 7



Vector Boson Transverse Momenta

W Transverse Momentum (31pb')  Z Transverse Momentum (35-40pb-T)
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» Differential cross-section for the production of vector bosons as a function
of their transverse momenta.

« RESBOS matches soft gluon resummation prediction (NNLL) at low p;V
with pQCD (order a.?) at high p;V. Reproduces data well over full range.

« Good agreement with Sherpa, Alpgen and Pythia (normalised to inclusive)
also found. 8



Photon plus Jets (37pb-)

Differential cross-
section for isolated y +
jet production as
function E;Y, y¢t and
for n,y* > 0 and n,y*!
< 0 configurations.
Varying direct and
fragmentation photon
contributions and
regions of x.

Comparison to
JETPHOX NLO (+
n.p.c) - good
agreement except at
low E;Y (as observed
in inclusive photon
measurement).

Also a measurement

of diphoton production.
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Phys. Rev. D 85, 092014 (2012) 9



Eur.Phys.J.C 71 (2011) 1846
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Inclusive b-jet Production (34pb-1)
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Differential b-jet production cross-section as a function of py.
POWHEG + Pythia performs well, MC@NLO + Herwig less so....

Also a bb dijet mass measurement made (low statistics - less discrimination
between generators).
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Phys.Lett. B707 (2012) 418-437

Vector Boson plus b-jets (35pb-1)

W+21 b-jet

20 T I

A Electron Chan. ATLAS

Bl Electron and Muon Chan. Data 2010,\'s=7 TeV
VY Muon Chan. 9
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Differential cross-section as a
function of the number of b-jets in
the event.

Tension between measurement
and NLO 5FNS (+ n.p.c)
calculation.

Inclusive Z+b-jet production

Experiment ~ 3.55*0-82(stat)*)-13(syst) + 0.12(lumi) pb

MCFM 3.88+0.58 pb
ALPGEN 2.23 £0.01 (stat only) pb
SHERPA 3.29 + 0.04 (stat only) pb

Average # b-jets in Z+b-jet events

S1£-662 (Z102) 9049 12T S8yd

Experiment  (7.6%]8(stat)* |3 (syst)) x 107

MCFM (8.8+1.1)x 1073

ALPGEN (6.2 + 0.1 (stat only)) x 1072
SHERPA (9.3 0.1 (stat only)) x 107

« Good agreement with MCFM NLO
(+ n.p.c) calculations in Z+b-jet
production.

« Significant differences between
Alpgen & Sherpa, but both
consistent with measurement. 11




Eur.Phys.J.C 71 (2011) 1795

Fragmentation and Shape (36pb-')
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Structure of jets studied using
associated charged particle tracks.

Measurement of the jet fragmentation
function and transverse profile in
different jet p; bins:

1 dNgp
F ot) =
(vaTJ t) ]Vjet dz
( )= 1 dN_,
Pehils PTjet) = Niet 2mrdr

Test of fragmentation models/tunes of
many MC event generators. Pythia6
tunes come out on top — Sherpa,
Herwig++ and Pythia8 struggle...

Also measurements of boosted jet
shape and substructure variables.
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Conclusions

In its first years of operation ATLAS has conducted a thorough and
comprehensive test of QCD at a new high energy frontier.

A wide-range of different processes have been measured at an
accuracy and depth not seen before.

These measurements have enabled extensive testing of the new
generation of NLO pQCD, NLO+MC and LO+MC predictions:

— NLO pQCD calculations are generally performing very well, with
some exceptions.

— Important differences between matched NLO+MC predictions are
evident.

— Also see some significant differences between LO+MC predictions
in terms of their ability to describe the kinematics of hard QCD.

This extensive mapping of the dominant physics processes at the
LHC place the searches for new physics on solid ground.

~5fb-1 2011 dataset measurements imminent! (dijets, V+jets, V+HF)

Analysis of the 8 TeV data already under way... 3
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The ATLAS Detector

25m

Tile calorimeters

) £ LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electiromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker

 The measurements presented here utilise the inner tracker, calorimeter and muon
chamber components.
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ATLAS Calorimetry

 EM barrel/endcap:
— PDb/LAr accordion
— |r]| < 32 Tile barrel Tile extended barrel
— 0/E = 10-17%/E + 0.7%. ——
« HAD barrel:  RRia | RRg
— Fel/scintillator tiles. end-cap (HEC)— e S |
— Inl<1.7
— O/E = 50%/NE + 3%. cndeorEMEQ y,
« HAD endcap: £
— Cu/LAr
— 15<n| <3.2
~ 0/E = 50%/NE + 3%. el
« EM/HAD forward (FCal):
— Cu/W-LAr
— 3.1<]In|<4.9

— 0o/E = 100%/VE + 10%.
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Jet Resolution
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Inclusive Jets (37pb-1)
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Inclusive Jets Systematics

>‘ _I T T T T TT I T T T T 11T I ]
E r |y| <03 - Total systematic uncertainty ]
g 08 :_ JES systematic uncertainty ?
8 B |:| JER systematic uncertainty h
Q 0.6 , ]
S - |:| Others systematic uncertainties _|
o 0.4_— ]
> r 1
— - =
3 OZTM
[0} L ]
o (| B e e — |
-0.2 ;ﬁ
-0.4F -
-0.6 F | Ldt=37pb?, \s=7TeV s B
C anti-k, j - ATLA .
_0-8_| ant |kl j?tsl, ’Iq |0.|6| | 1 1 | 1
20 30 102 2x10? 10°
p, [GeV]

N DN O o

I

Relative Uncertainty
o O O O

o

[Trr[rrrrrrrrorJ1rT

o o
SN

-0.6
-0.8

T T T T T T T I T T T
21< |y| <28 - Total systematic uncertainty
JES systematic uncertainty
:l JER systematic uncertainty
:l Others systematic uncertainties

L

L dt=37 pb”, \s=7TeV

anti-k, jets, R=0.6
L 1 1

1 111

ATLAS

2x10°
p, [GeV]

1

20 3040 10?

1

P, 1GeV]

2x10°

10?

30

p, [GeV]

2x10°?

10%F

30

103_

ly| < 0.3
- anti-k, jets, R=0.6

B j L dt=37 pb!, \s=7

30 10% 2x10? 10°
p; [GeV]
L 21<|y|<2.8
- anti-k, jets, A=

- I L dt=37 pb’,

20



1112.6297, accepted by PRD

arXiv

Ratio wrt NLOJET++ Ratio wrt NLOJET++ Ratio wrt NLOJET++ Ratio wrt NLOJET++

Ratio wrt NLOJET++

0.5

0.5

Dijet Production (37pb

Ferere ereres i
POXCKEXXR,

- a%a%a %99

2x10" 3x10™

1.0<y* <15

——

2x10"  3x10

[Lat=37pb"
\s=7TeV

anti-k, jets, R =0.6

Data with
statistical error

Systematic
uncertainties

NLOJET++
(CT10, H=p_ exp(0.3;

Non-pert. corr.

POWHEG
A (CT10, u=p$°'") ®
PYTHIA AUET2B

POWHEG
(CT10, u=p$°”‘) ®
PYTHIA Perugia201

POWHEG
v (CT10,p=p>") ®
HERWIG AUET2

POWHEG fixed-ordel
0 (CT10,p=p2) x

Non-pert. corr.

Ratio wrt NLOJET++ Ratio wrt NLOJET++ Ratio wrt NLOJET++

Ratio wrt NLOJET++

25<y* <30

_—V—_v__v_ —y

5
m,, [TeV]

[Lat=57pp"
\s=7TeV
anti-k, jets, R =0.6

Data with
statistical error

Systematic
uncertainties

NLOJET++
(CT10,;1=pT exp(0.3 y*)) x

Non-pert. corr.

POWHEG
(CT10,u=p™") ®

PYTHIA AUET2B

POWHEG
(CT10,u=p>") ®
PYTHIA Perugia2011

POWHEG
v (CT10,p=p2") @
HERWIG AUET2

POWHEG fixed-order
0 (CT10, p,=p$°'”) X

Non-pert. corr.

« Double-differential dijet production as a
function of mass and y* = |y, — y,|/2.

* Dijet masses measured up to 5 TeV!
 Evidence of disagreement with NLO...



Dijet Production (37pb-T)
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Dijets with Central
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Dijets with Central
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ZIy" plus Jets (35pb-1)
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Jimmy. Good agreement within uncertainties. 25



Inclusive b-jet Purity Determination
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Dijet b-jet Production
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Statistically limited in the 2010 dataset.
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Vector Boson Transverse Momenta
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» Good consistency between W and Z transverse momenta measurements
and their comparison to RESBOS.
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Inclusive Photon and Diphotons
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Fragmentation and Shape (36pb-')
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Boosted Jet Substructure (35pb-1)
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* Inclusive measurements of jet variables capable of discriminating between
hadronic boosted heavy particle decays and QCD jets e.g. C-A R=1.2 mass.

« C-A “splitting-filtering” procedure reduces sensitivity to soft physics.

« After filtering the mass is well reproduced by Pythia and Herwig++ within
systematics. 32



