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ATLAS SM Measurements

Traditional processes for PDF fits include jets, Drell-Yan and inclusive W,Z production.

Content of this talk: * inclusive jet cross section [arXiv:1410.8857]

» Dijet cross sections [arXiv:1312.3524]

Focus on * Three-jet production cross sections [arXiv:1411.1855]
ATLAS measurements

* Inclusive prompt photon cross section [arXiv:1311.1440]

« W+charm [arxiv:1402.6263]

+ Ratio of cross sections for W + jets and Z + jets [arXiv:1408.6510]

* Low mass Drell-Yan [arXiv:1404.1212] + High mass Drell-Yan [arXiv:1305.4192]

« Measurement of top-quark pair differential cross sections [arXiv:1407.0371]

« Z transverse momentum distribution [arXiv:1406.3660]

* / boson in association with b-jets [arXiv:1407.3643]

« Simultaneous measurements of tt, WW,and Z->zr cross sections [arXiv:1407.0573]
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ATLAS

ATLAS talks this week: ~29 fb-1 of data delivered during Run 1

‘PDF uncertainties in precision Nominal 2011 2012
electroweak measurements, including

, : Energy centre-of-mass[TeV] 14 7 8
the W mass, in ATLAS
Amanda Cooper-Sarkar Peak luminosity [cm s '] 1x10°" 3.7x10°  7.7x10°
‘Plans for PDF measurements at RUﬂ Il Max. average interactions per b.c. 23 24 37
anq rOle Of PDFS IN MC tunlng IN ATI—AS ATLAS luminosity uncertainty - 1.8% 2.8%
Voica Radescu
:’2 Detector characteristics
Muon D:teclors El«trw Calorimeters ﬁ? mdtm::ter: m
'] | Weight: 7000t

\ -
Solenosd '.' \ CURN AL - ATUAS Viow)

Magnetic field 2 T solenoid
+ toroid: 0.5 T (barrel), 1 T (endcap)

Tracker Silicon pixels and strips
+ transition radiation tracker
olpr = 5-10%p; + 0.01
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Hadronic Fe + scintillator / Cu+LAr (10A) | O\ WS

calorimeter o/E = 50%/\E + 0.03 GeV vy =4 ‘\E-_ = g

Muon olpr=2% @ 50GeV to 10% @ 1TeV — e ‘
(Inner Tracker + muon system) e\

Trigger L1+ HLT (L2+EF)

Hadronic Calorimeters Shielding
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Run Number: 159224, Event Number; 3533152
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Systematic uncertainties in jet measurements are dominated by the Jet Energy Scale (JES).

Jets in ATLAS are reconstructed from energy deposits forming topological clusters of calorimeter
cells using the anti-kt algorithm with distance parameters R=0.4 or R=0.6.

Jets are first calibrated using MC: energy offset due to pileup activity in calorimetry + redefine PViet
Then data/MC in-situ correction: account for remaining differences in calorimeter response.

Typically JES uncertainty ~1-4% for central rapidities increasing to 4-5% in the forward regions.
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Sensitivity to the gluon PDF

Measurement of the inclusive |et cross section

in pp collisions at v/s=7

Data span large kinematic range:
100 GeV<prlet«?2 TeV & |yet|<3.

Data are compared to NLO pQCD predictions
calculated using NLOJET++

with the CT10 NLO PDF set, to which
non-perturbative and electroweak corrections
are applied.

Non-perturbative correction calculated using
Pythia/Herwig with various tunes.

The 1.8% uncertainty from the luminosity
measurement is not shown.

Good agreement between data and theory

over 8 orders of magnitude in the 6 rapidity
bins.
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http://arxiv.org/abs/1410.8857

Sensitivity to the gluon density function

Inclusive jet cross section : Comparison to theory

Predictions are calculated
using NLOJET++ with

different NLO PDF sets; CT10,

MSTW2008 and NNPDF 2.1

The predictions are
generally consistent with
the measured jet cross
sections.

Confirmation that
perturbative QCD can
describe jet production up
to jet pr 2TeV.

Data sensitive to PDFs.
PDF fit information public:
statistical & systematic
uncertainties, together with
their correlations.

arxiv:1410.8857
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Ratio of NLO pQCD predictions to the measured double-
differential inclusive jet cross section, as a function of the jet pr
in bins of the jet rapidity.

Accepted by JHEP

Overview of PDF-sensitive measurements from Run | in ATLAS 6 Sue Cheatham (Technion)


http://arxiv.org/abs/1410.8857

Inclusive Jet cross section ratios
(\Js = 2.76 to /s =7TeV)

The major experimental systematic, the Jet Energy Scale, largely cancels out.
The two different beam energies probe different x and Q2 values for the same prand y
ranges so that the sensitivity to PDFs does not cancel in the ratio.

Momentum distribu

tion of the gluon xg(x) Momentum distribution of the sea quarks.
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The uncertainty is reduced by including the Softer sea-quark distribution in the high

ATLAS jet data in the fit. Bjorken-x region are obtained with respect

epATLJet13 : New PDF set derived, by including to the fit of HERA data only.
ATLAS jet data in the HERA1.5 dataset.
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Sensitivity to the gluon density function

Measurement of dijet cross sections

N pp collisions at 7 TeV
0™ - - Jl—llEPOE?(20|1 4)|O5.9
Jet kinematics: % = ATLAS | QN A o (X]gl )=
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N ol o -0-_.__‘__._ A 25=y*<3.0 (x10 )_:
Data are compared to NLO pQCD > — o . -
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using Pythia/Herwig with various tunes. 101 uncertainties E‘Zti‘:g- —
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Double-differential dijet cross sections as a m,, [TeV]
function of the dijet massin bins of half the 12
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rapidity separation, y*, of the 2 leading jets.
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Sensitivity to the gluon density function

Dijet cross sections : Comparison to theory
JHEPO5(2014)059
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Ratio of NLO pQCD predictions to measurements as a function of dijet mass in different ranges of y*

Data is sensitive to PDF sets.

Data well described by CT10, NNPDF2.1 and MSTW 2008 PDF sets.
Small tensions with HERAPDF1.5.
ABM11 disfavoured since underestimates measured cross section.
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Measurement of three-jet production cross sections

Jet kinematics: @ 10* | antrk R=04 SO ATLAS -
mij <5 TeV, |Y*<10 2 B saa,  Vw, Co_ fld=4s5h’
pr' >150 GeV, pr=>100 GeV, 9 ol mEg ‘AA vvv © 5 Vs=7Tev  ~
o3 >50 GeV — 10°F "u, La, Vy 5 ~
> | o9 o u - A " Vv ]
* = B ®e . A, ¢ © _
Vi=lyryel + lyrys| +lve-yel 0 2 4L “ee, "ma A Ty 00—
= ® u \ 4
A massive three-jet system g m N';](gn(_)CDC@CT 10 %o, “u n “a NI -
. ) ) X pert. corr o - A Q
can be built either from high- 9 102~ e IY*l<2 (x10°) ®e . S
ot jets or from jets with large O B 2<lY*I<4 (x10") ° s B
rapidity separation. 4| A 4dYii<e (x10%) . - . A §
Bmmng.m IY*| allows 107 Y 6<Y*I<8 (x10°) . = u
separation. C 0 8<IY<10 (x10*)  arXivi1411.1855 E
-6 . N . . . .
3-jet study probes a different 10 400 1000 2000 3000 _
region of phase space in I’njjj [GeV
(x,Q2) cf 1 and 2 jet.
Provide constraints on gluon Double-differential 3-jet cross sections as a function of the
PDF and as 3-jet massin bins of Y*, the sum of absolute rapidity

separations between the 3 leading jets.

No EW corrections available.
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Probes the gluon density function

hree-jet cross sections : Comparison to theory

arxiv:1411.1855

NLO QCD ® PDF
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The ratio of NLO QCD predictions, obtained by using NLOJET++ with different PDF sets, to data.

Generally good agreement between the data and the theoretical predictions
based on most of the global PDF sets

Agreement over the full kinematic range, covering almost seven orders of magnitude.

Tensions between data and ABM11.
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Sensitivity to the gluon PDF

Prompt photon production

Cleaner experimental environment compared to jet cross section measurements.
Photon data could improve the determination of the gluon density at high-x.

I Kinematics:100 GeV < Et¥ < 1 TeV
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Measured and expected inclusive prompt  Measured cross sections as a function of Et¥
photon cross section as a function of compared to MCFM NLO predictions with different
photon Er in the barrel region. PDF sets.
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GATLAS
[ EXPERIMENT

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

W-uv candidate in
7 TeV collisions

B Www.atlas.ch/photos/events-collision-proten.html

Clean experimental signatures + advanced theoretical predictions.
Probe quarks and photon density functions.
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Directly sensitive to the strange PDF
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The ratio of W + jets and Z + jets production cross sections versus
the leading (2nd leading)-jet rapidity.

Overview of PDF-sensitive measurements from Run | in ATLAS 16

|0 of the production cross sections for
nd Z bosons In association with jets

First look at fitting
ATLAS 2011 V+Jets.

Large cancellations of
experimental systematic
uncertainties and non-
perturbative QCD effects.

Complementary to individual
W+jets and Z+jets
measurements.

Some small impact on
sea quarks.

BlackHat+SHERPA NLO
consistent with results from
tuned generators

ALPGEN and SHERPA.
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Kinematics:

Nominal analysis (£ =
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Drell-Yan

Probes qqg coupling to y*

Complementary to measurements near the Z mass peak.

Prediction combining NNLO QCD + NLO EW
provides significantly better fit to data than NLO.
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Probes the quark density functions at high-x

High mass Drell-Yan
Phys Lett B725 (2013) 223
o || 1 I | | I . I | I
NNLO predictions with NLOEW £ 15'[* . ATLAS arXiv:1305.4192
corrections. o . ®eo, - Data
S 10 ¢ ® Sys. uncertainty
Reasonable description by all 8 107 ® Total uncertainty
current proton PDFs. o) | ¢
Q. qo*k Vs=7TeV, | Ldt-491' g
Measurement StatiStiCa”y -8 ECD 10-5 TIZC:/rOI::iTn:jts f:c\::ali:tz.:otincluded °
limited for mee>400 GeV. © S ' ¢ |
) : —— :
@ 14 22 MSTW2008 with 68% CL (PDF + ) + scale + Pl unc. '
8 1.2} -
§ U = = o i ;__‘!‘_%w_ﬁ&w 50‘:7*1717 “_L_ _________ + '
Data used for the first fit to the S S LERAPDEIE ~—~CTi0 — - ABM11 - NNPDF2.3 Immﬁm
photon PDF Q-8 —— e .
(NNPDF COllaboratiOﬂ, § o} ~— MSTW2008 with 68% CL (PDF + «_) + scale unc.
arXiv:1308.0598) :; fhe o o 4§54 & 1} i . { +
g o8l i —e” = = F = =
(o o6l - MSTWZO?S w/o Pl corrections | | | o I— -——F- --
116 200 300 400 1000 1500
m,. [GeV]

Overview of PDF-sensitive measurements from Run | in ATLAS

18

Sue Cheatham (Technion)


http://arxiv.org/abs/1305.4192

Sensitivity to the gluon density function

op quark produchon
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Ratios of the NLO QCD predictions to the measured normalised differential cross sections for
different PDF sets for mass and rapidity of tt system.

Normalised cross sections reduce dependance on higher order QCD corrections.
NLO predictions derived with MCFM. NLO EW corrections are not included in the NLO predictions.

HERAPDF 1.5 describes data well. Tensions between data and other PDF sets.
Maybe just lack NNLO QCD prediction and EW corrections?

Overview of PDF-sensitive measurements from Run | in ATLAS 19 Sue Cheatham (Technion)


http://arxiv.org/abs/1407.0371
http://arxiv.org/abs/1407.0371

1.4

1.3

1.2

Prediction / Data

1.1

0.9

0.8

/ transverse momentum
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Ratios between various pt4 distribution predictions and the combined measurement.
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The measurement is sensitive to PDF at low and high pr4
At high ptZ(qg scattering dominates) higher order QCD and EW corrections are needed.
At low ptZ (governed by ISR) need to account for interplay between PDF and soft QCD

parameters.

arXR:1406.366
—;L[G—prT eV

Large factorisation and renormalisation scale variations. Large resummation scales variations.
Large dependence on non-pQCD parametrisation.

Measurements used to tune the Pythia8 and Powheg+Pythia8 generators.
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Potential sensitivity to the b PDF

Z boson N assomahon with b-jets
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NLO predictions from MCFM and aMC@NLO generally provide the best overall description
of the data.

Z+>1b-jet better described by 5 Flavour Number Scheme (5FNS) prediction.
/+>2b-|et better described by 4 Flavour Number Scheme (4FNS) prediction.

Descriptions of the shapes of the differential cross sections are generally good within
uncertainties for both LO and NLO predictions.

Even at NLO, scale uncertainties dominate and currently limit any sensitivity to
different PDF sets.
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summary

ATLAS has a wealth of SM precision measurements from the successful LHC Run 1.
Many are sensitive to PDFs allowing PDF discrimination and improved PDFs.

New precise measurements of Jets, Vector Bosons and Top processes provide PDF
constraints complementary to DIS and fixed target data.

First PDF fits have been performed in ATLAS by using jet, W/Z and W+charm data
« Improving knowledge on the gluon density function at high-x and strange quark PDF.

 |Inclusive photon data and tt cross section exhibit good potential to further constrain the gluon
density.

W+charm studies give motivation for a global fit. Only then the optimal value for strangeness can
be determined.
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The future

New |ets fit: incorporating all of ATLAS 2011 inclusive single jet, diet and trijet measurements, with
full statistical and systematic correlations.

Combined fit: including multiple ATLAS measurements (on top of HERA), with full statistical and
systematic correlations.

« act as a consistency check between different datasets.

act as a consistency check between data and various theoretical predictions.

« demonstrate impact of ATLAS data.

provide improved PDFs that give best description of ATLAS data.
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