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* Overview of recent ATLAS measurements of soft or hard QCD phenomena
* Concentrating on the latest Run 2 results from Vs = 13 TeV and the new
Vs =7 and 8 TeV papers

 See also other ATLAS SM related results (A. Solodkov, S. Sacerdoti)
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ATLAS Experiment Performance in 2015
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I  ATLAS Preliminary  Vs=13TeV
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4 [ ATLAS Recorded
¢ [ All Good for Physics
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Semiconductor tracker ayin
 Upgrade and * 50ns data taking
consolidation of the (Summer 2015)

detector for Run 2 e 25ns data taking

— New beam pipe, new IBL ~3 2 fphlf
‘ ¢ ~3, or analyses
pixel layer, MBTS, 2 level Y

trigger (L1+HLT), ... * 5% luminosity
uncertainty for full 2015
dataset
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Summary of Cross Section
Measurements vs Vs

O Predict Q inelastic
rediction . >
o ATLAS Prellmlnary 7 TeV, 20 ub™', Nat. Commun. 2, 463 (2011)
11 Q@ Measurement 13 TeV, 63 ub™', ATLAS-CONF-2015-038
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13 TeV, 85 pb'w, ATLAS-CONF-2015-039
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7 TeV, 4.6 b, Eur. Phys. J. C 74:3109 (2014)
8 TeV, 20.3 fb'w, Eur. Phys. J. C 74:3109 (2014)
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7 TeV, 4.6 fo™', PRD 90, 112006 (2014)
8 TeV, 20.3 tb", ATLAS-CONF-2014-007
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7 TeV, 4.5 fo, arXiv:1507.04548
8 TeV, 20.3 fb™, arXiv:1507.04548
13 TeV, 3.2 b, ATLAS-CONF-2015-069
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A complete list of ATLAS Standard Model results can be found here:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
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Inelastic cross section

ATLAS-CONF-2015-038
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inelastic measurement (s [GeV]

Source Value

y AbOUt 1 o belOW mOSt Of This measurement 73.1£0.9 (exp.) £6.6 (lum.) % 3.8 (extr.) mb

. Pythia8 78.4 mb

the current theoretical Kopeliovich et . 708 mb

. . Menon et al. 81.4 4+ 2.0 mb

predictions Khove et al. | 81.6 mb

Gotsman 81.0 mb

Fagundes 77.2 mb
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Charged Particle Production @13TeV

 Measure charged particle
distributions—n_, n, py
<p;> Vs ng

* Insight into nonperturbative
QCD, MC tuning, constraint
on multiparton interaction

e 170ub, low pile-up
<u>=0.005

* Only primary particles,
strange baryons excluded

 MB trigger, tracks with
p>500 MeV, |n|<2.5
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ATLAS-STDM-2015-02, arXiv:1602.01633

I\I|III|III|III|III|III
= Ny, 2 1, p, > 500 MeV, || <2.5
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Charged Particle Production
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Charged Particle Production @8TeV

ATLAS-STDM-2014-19

* r]ch' n, pT’ <pT> VS nch N: 182 nchz‘ 20, pIT>50lO MeV i7‘7|<2.5!
- ® 102E 7> 300 ps
 Additional phase space ~ 105 ATLAS 15-6Tov
regions (n,, > 1, 6, 20, 50, 5
p:""> 500MeV)
* Most precise MB == Data 2012
A — PYTHIA 8 A2
measurement from Run 1 105 - EpOSLHC
B == QGSJET II-04
-\I 1 .............
p, [GeV]
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Charged Particle Production Summary

* EPOS provides the best
description for all
variables

* Pythia8 A2 & Monash
tunes also reasonable

« Herwig++ & QGSJET-II -
worse

0

T ' L 77
- aData

6L — PYTHIA8 A2

[ —- PYTHIA8 Monash
- --- EPOS LHC ‘
—-- QGSJET II-04 2~

n

1/Ngy -dN_/ dn|

* MC tuned using lower > 50 s (oxrapolated)
energy regime describes e 1ot
13 TeV data well! |5 [GeV]
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Charged Particle Production inside Jets @8TeV

, ATLAS-STDM-2015-12, arXiv:1602.00988
e Charged particle

distributions studied in | 02
‘s S | ATLAS
d”et SyStem . :15 \s=8TeV,L =20.3fb"
* Unfolded to particle level * # 20120at
L |-'_l — Pythia 8.175 CT10 AU2 i
* The difference in average |
charged particle ol i o cmen
multiplicity between |l TR stTevep <heTev
more forward and more ‘ '
central jets is sensitive to
differences between

multiplicities in quark and ok
gluon originated jets
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Charged Partlcles inside Jets
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* Also measured for p;t2 > 2 GeV, 5 GeV

* As expected, the extracted gluon-initiated jet charged particle
multiplicity is higher than the corresponding quantity for quark-
initiated jets

* Significant differences observed with Run 1 MC tunes, but Run 2
tunes improve significantly 11



ATLAS-CONF-2015-034

ATLAS-PHYS-PUB-2015-016

Jet and Photon Probes @13 TeV

Inclusive Jets

— 10°F .
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IncIu5|ve |solated photons
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* Preliminary results, test of NLO predictions, PDF in both

channels
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ATLAS-STDM-2014-09

Inclusive Photon Cross Section @8TeV
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* |solated: to avoid
photons from hadronic
decays

* 4|n| bins
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Inclusive Photon Cross Section
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ATLAS Preliminary
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W/Z Production

 Leptonic decay mode (e,) easily identifiable

* 85pb @13 TeV, <p>=19

ATLAS-CONF-2015-039

* W: p;/>25 GeV, |n|<2.5, E;/msS: pv> 25 GeV, m>50 GeV

(mT = VszlpTV (1-cos (¢|'¢V)) )

* 7: p/>25 GeV, |n|<2.4, 66 < m, < 116 GeV
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W/Z Cross Section
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n—o—HHWJ—r

13 TeV, 85 pb™

lumi @ exp. uncertainty
I exp. uncertainty

A ABM12LHC

v CT10nnlo

B NNPDF3.0

® MMHT14nnlo68CL
(inner uncert.: PDF only)

IIIIIJlLlIIIIIIJlLlIIIII IIIIIIllII

5000 5500 6000 6500 7000 7500 8000 8500 9000

ot [pb]

o) F @0 ATLAS/CMSWol reeees W (pp)
= [ m/O ATLAS/CMS W Iy W (pp)
= L A/A ATLAS/CMSWTv .. W' (pp)
> ®/O CDFW- (l/e)v w X
— 105 w0 powss (e e WopR) ool

E Y ) oA
T e UATWoIy e
; B ¥ UA2W—ev e “"“__‘..n“ -
~— ®/0 . .
[ e
m ------
x VB e
e ATLAS Preliminary

r Data 2015 (\s = 13 TeV)

107 =4
SRS MSTW2008 NNLO
i I'“ 1) R | 1 1 1 L |
1 10

Is [TeVl

Reasonable agreement with theory pred. and with lower Vs measurements

Z

ATLAS Preliminary
13 TeV, 85 pb™

lumi @ exp. uncertainty
I exp. uncertainty

A ABM12LHC

v CT10nnlo

B NNPDF3.0

® MMHT14nnlo68CL
(inner uncert.: PDF only)

I]IIllIIIIlJIIlIIlIIlII]I

500 550 600 650 700 750 800 850

fid
o, [pb]
~

o) | ® ATLAS Ziy*—= Il se==ees Zly* (pp)

k= O cMs  ziy— Zv* (pp)

i 1 @®/O CDF Z/v*— eelun

- E B Do Zy'—>ee 5

T C® uAl Zysee P

* - O UATl Ziy'=spn e

= - Y UA2 Ziy*>ee -

N -

=

m | .

% 10— ATLAS Preliminary
. F H; Data 2015 (\s = 13 TeV)
N C .

e} Lo

N MSTW2008 NNLO
102
C L L M| 1 1 1 1 TR
1 10

\s [TeV]



W/Z Production Ratios

0.9~ © standard Model

68% CL ellipse area
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Measurement of transverse momentum
and ¢°, in Z->Il events @8TeV

ATLAS-STDM-2014-12,

* Full vs=8TeV dataset (20fb™1) ArXivi1512.02192
_moreprECisethan7TeV >‘|Og|||\\\|||||||\\||l||§
D ATLAS Vs=8 TeV, 20.3 fb! .
meaSU rement 9 108 P, >20GeV, n <24 up-channel _;
* . * *g - Data [z - i
¢ d) n= tan((T[_Ad))/Z)'Sln(e n) L%107 By v — pwee .WW,L\:‘I;/LZ,ZZ —;

complimentary to Z p-, S i

depends on angles only =>
more precise than energy
variable due to resolution

 Compared to perturbative
and resummed QCD

. 60 80 100 120 140
calculations m, [GeV]
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More plots available also for lower and higher mass windows
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Monte Carlo / Data

o
®

Comparison with MC Predictions

In bins of dilepton mass

_.
o

ot
[=5)

- o
N o

I
T

1/ do/dp

o
N o

—y

0.8

0.6

Data (stat uncert.)
—— Sherpa
PowhegPythia (AZNLO)

I Data (total uncert.)
PowhegPythia (AU2)

Vs=8 TeV, 20.3 fo’’

ATLAS

—_

—

66 GeV <m, < 116 GeV, \ynl <24

| 30 GeV <m, <46 GeV, |y| <2.4

116 GeV <m, < 150 GeV, |y”\ <24

50 100

Mar 9, 2016

500 1
P} [GeV]

10 10?

P} [GeV]

p—y

0.8

+0.6

1.2

1

0.8

+0.6

1.2

1

0.8

0.6

In bins of dilepton rapidity

Monte Carlo / Data

o
©

o o
~l oo

154 = =
© o L

ot
™

(0]
T

1/c do/dp
o
3

c o
~ o™

Data (stat uncert.)
—— Sherpa
PowhegPythia (AZNLO)

PowhegHerwig

I Data (total uncert.)
PowhegPythia (AU2)

Vs=8 TeV, 20.3 fo’’

ATLAS

| 66GeV<=m,<

116 GeV, 0.0<ly |

o - =
© LN

| 66 GeV <m, <116 GeV, 1.6 <y [<2.0 | 66GeV<m <116GeV,20<|y|<24 |
10° 10
1 10 P! [GeV] 1 10 o [GeV]
20

Z. Hubacek ATLAS Recent SM Results



Event Shape Variables in Z->|| Events

ATLAS-STDM-2014-07, arXiv:1602.08980

e Study of underlying event properties Vs=7 TeV
in Z->|| (leptonic ee,uu decays)

e Several event shape variables from selected
tracks after removal of Z decay products
measured in several ranges of Z boson p;

— Charged particle multiplicity, sum of transverse
momenta, beam thrust, transverse thrust,
spherocity, F-parameter

* Restricted 2011 dataset with lower pileup



Event Shape Variables in Z->|| Events

Number of charged particles
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Event Shape Variables in Z->|| Events

Comparison of MC generators for low and high Z pT bins
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» Z boson selection (leptonic ee, pu decay)

/+]ets

ATLAS-CONF-2015-041

* Anti k; jets, R=0.4, |y|<2.5, p;>30 GeV
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Summary

LHC Run 2 has started g e "3 T inelastic

& E Prediction ATLAS Pre”minary E 7TeV, 205", Nat. Commun. 2, 463 (2011)

8 Measurement 13TeV, 63 ib", ATLAS-CONF-2015-038

Number of pp collision studies 0 107E e —a o— 1 Lo
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