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ATLAS detector

The focus of ATLAS is high-p+ physics, and also provides a window onto important softer QCD processes.
These have intrinsic interest but also the understanding of underpins searches for new physics.

» Underlying event in the event-shape observables in Drell-Yan Z—I*l~ events in pp at 7 TeV (arXiv:1602.08980)
» The leading track underlying event distributions in pp collisions at Vs = 13 TeV (ATL-PHYS-PUB-2015-019)
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Electromagnetic

calorimeter
ATLAS Inner Detector (ID) main tracking device: Consists of Pixel, Silicon R= 2254
strip (SCT) and drift tube (TRT) detectors. Single hit resolution between 10 | RRJ S?m
um (Pixel) and 130 um (TRT). New in Run2: Insertable B-Layer (IBL) —— R = 332MM

R = OMM



Selection criteria for Drell =Yan events 5 T GEGRG

» Data d Primary vertex
 About 1.1 fb~! of data in pp-interactions at 7 TeV o More than 1 track with p;>400 MeV
3 260 k selected electron channel events, Z—e'e- o Vertex with highest Z(p;")*
3 410 k selected muon channel events, Z—p*p J Track selection (similar at 13 TeV;

more information in VValentina Cairo

> Event selection MB@ATLAS report)

] Electron cuts:

_ _ o =1 hitin the Pixel subdetector
o |n| <2.4, excluding crack region 1.37 <|g| <1.52 5 >6SCT hits:
o P+ cluster >20 GeV o p+>500 MeV and |i|<2.5
o |dgPY| <5 mm o |dg"V|<1.5mm
: o |z,PVsin 0] < 1.5 mm
-l Muon cuts: o x?cut for tracks with p;i*«>10 GeV
o || <24
o pr=20GeV » Monte Carlo models:
o |d,PV| <3 6y, 04 IS dy"V resolution  Generator Version Tune PDF Focus of
o |z,PV] < 10 mm Tune

3 Z boson cuts: Pythia 8 8.212 Monash NNPDF2.3 LO MB/UE

O Exa(;tly two opposite-sign Ieptons Sherpa 2.2.0 Default NNPDF3.0 NNLO UE
o Invariant mass 66 GeV<m;<116 GeV Herwig7 7.0 Default MMHT2014 UE




Event-shape observables arXiv: 1602.08980
1 dN

Distributions fo = N_do Were measured for all selected events, N, with primary charged particles in the

= region p; > 0.5 GeV and |n| < 2.5 for the following observables O:
» The charged-particle multiplicity, N
» The scalar sum of transverse momenta of selected charged particles (n.,>0) > p+-.

> Beam thrust: B=)" p;e™. This is similar to Yp; but each particle is weighted by a factor e'l. For ng>2.
Contributions from particles with large |n| are suppressed to one with n~0.

» Transverse thrust: T — max 2.1 Pr - | “where the sum runs over all charged particles, and the thrust axis, i,
i 2. b maximizes the expression. For n.>2.
The solution for f is found iteratively: e _ D e - P )P where g(x>0)=1 and g(x<0)=—1.
|Zg(n(1'r) Pr) Pr |

— — 2 .
» Spherocity: S _ 7 : (YJIDT xnN IJ where the sum runs over all charged particles and the vector i

~— min e _
4 n=(on, 0 > Py minimizes the expression. For ng>2. A
» The F-parameter defined as the ratio of the smaller and larger eigenvalues, A, A, and A; <A, F = /1—2
2
of the transverse momentum tensor M — Z 1 Py, Px.i Pyi | where the sum runs over the charged
Pri\ PxiBy,i pi,i | particles in an event. For n>2.

» Drell-Yan Z —I1*I- decay products removed before calculating
» Corrected distributions after Bayesian unfolding

Yuri Kulchitsky



Graphical representation of event-shape observables
arXiv: 1602.08980

Transwerse thrust T and Spheroe&tyS Graphical representation of the spatial
L I orientation in the transverse plane of

selected charged particles for Spherical

_and Pencil-like events.

The transverse momentum vectors of

charged particles Is shown as blue lines,

180°(----

Wuth T~ & S 2 0 the length of which indicate the p- of the
2 spheraciy sxs(seoon| 2 spherccty axs (sm008)| corresponding particle in GeV.

(a) Pencil-like events

Spherical event: For Pencil-like events the Transverse
"..fﬂ'ffff“*.vgral partons emglt_ isotropicatly, ..  thrust, T, (red) and Spherocity, S, (green)
SN g 0N axes (dashed lines) are almost identical.
Spherical event: T=2/zr, S=1, F=1
" Pencil-likeevent: T=1, S=0,F=0

These observables are
v" Very high correlated amongst

180°| | o° 1Ty R

- - Thrust axis (T=0.66) T 2;00 - - Thrust axis (T=0.66) - themseIVES!
- Spherocity axis (5=0.96) é - - Spherocity axis (5=0.95) -
Yor KOl * Lowx2016 v Weekly correlated with N, Yp+. B &

(b) Spherical events



Systematic uncertainties for the p{e’e’Jrange 0 -6 GeaK(iV: 1609 08950

Observable 5Ostat 5OLepton éoTracking 5ONon-Prim. 5OPiIe-up §OMuItijet 50Unfold 5OTotaI
[%0] [%0] [%0] [%] [%0] [%0] [%0] [%]

N, 15 0206 <0.19 0125 0528 <0.1-06 02-84 0.6-28
Yp,  1-3 0.1-05|0.3-55| <0.1-1.3 0.1-6.8 0.01-0.4 <0.1-0.8 0.1-9
0.8-14 0.1-2.4 |<0.1-6.2] 0.1-2.1 0.1-36 <0.1-2.1 0.2-2.9 0.3-36

B
T 0.6-4.4 0.1-0.5 0.2-2.2< 0.1-1.6 0.1-4.7 0.1-03 0.1-26 0.3-5
S
F

3%

0.6-3.8 0.1-04 | 0.3-26| 0.1-14 0.1-43 0.1-04 0.1-22 0.4-5
0.6-3.6 0.1-05]0.3-16| 0.1-15 0.1-1./7 0.1-0.3 0.1-20 0.4-3

Ranges of the relative uncertainties 8,/O of the event-shape observables O for
the electron channels (e*e") for the p(e*e’) range 0 — 6 GeV in percent.
The systematic uncertainties are dominated.

Yuri Kulchitsky Low-x 2016 7



Event-shape observables N,,, 2prand B inZ - /¢ at7 TeV

arXiv: 1602.08980

Foos| ATLAS = wsirevian - Event-shape distributions in Z—e*e
-Z-Q - =0= py(ee) 0-6 GeV . . . . +
L & pr(ee)6-12 GeV -
ST e e Recoiling Jet emerging for higher p-(e*e’)
\Z-. B _0_ 25 G V | 1_'—' I I I I I I | I I I | I I I | I I I ) . . ) )
" .02 s Price) == 5 L, 003 —ATL VE=7TeV, 1.1 17" — Similar distributions for Z—p*p
el Increase withpr | § T =0= pr(ee) 0-6 GeV -
B s 1 |'—_' = & pr(ee) 6-12 GeV 4 0.08
- 4 a B B pr(ee)12-25 GeV | —% L L O L B BB B
Iy e KOs 1 ] L S0 pr(ee) > 25 GeV | L - ATLAS Vs=7TeV, 111" -
A .O.-D 1 Dol N 8 =0= pr(ee) 0-6 GeV -
0.01 H 1o 45 | Increase withp; | = /% pr(ee) 612 GeV
I\ 'O'_A_ 1 = = 0.06 = py(ee) 12-25 GeV _|
L ‘e | Z? : : % 0= pr(ee) > 25 GeV |
i ] i o 13 Increase with p;
N . 0.01 — =
0 AT N ST RS RN — ==t — N R | 0.04 —
0 20 40 60 80 100 i % ’ _
Charged-particle multiplicity Nen [ o I mie |
: S0 ? ] |
4 phase-space regions: e T T I s i 0.02 o -
0 20 40 60 Z:80 [Ge\}]OO N
< PT -
pT(::) g Gi\Z/ GeV Scalar sum of transverse momenta i}
: - e 0 L1 11 | 1111 | L1 11 1 |y TR
pT(”) _ 19 _ 95 GeV The unfolded electron channel results for the 0T B0
pr(Il) =12 =25 GeV  gpservables in the various p-(e*e’) ranges, with the Beam thrust
p(ll) > 25 GeV total uncertainty presented as the quadratic sum of the B— Z D a1
Yuri Kulchitsky 8

statistical and total systematic uncertainties.



1/Ney dN/AT

Event-shape observables 7, Sand F inZ - /¢ at7 TeV

arXiv: 1602.08980
Event-shape distributions for Z—u™uw

- ATLAS Va=7TeV,1.1f6~" A
- e T 2 oV ] 5 ﬂz e [ZIPT Xy Ij Recoiling Jet emerging for
== pr(up) 12-25 GeV fi=(n,.ny,0)"
] 0% pru) > 25 GeV 1. |. 'A BN ZTpTl __| higher pr(u*w)
i 13 - ATLAS =7TeV, 1.1 ]| . .
. | 5 - 0% pr(up) 0—6 GeV vesTTe § Similar distributions for Z—e*e
] _52__A_pT(MH)6_12GeV _[‘,‘ _|||A|||||||||||||||_
SaS Z BE pr(un) 12-25 GeV 0 ATLAS Vs =7TeV, 1.1
- 1 - =05 pr(uw) > 25 GeV 1 5 - EO= pr(uw) 0—6 GeV .
- - 13 [mmrmeizes -
| . Z S pr(uy) 12-25 Ge _
ea i 1= °r —<)— pl( n) > 25 GeV ]
- Increase with p; . 1 1 I |
WI | 1 | 1111 | 1111 | L 111 | 1111 | 1111 | (| | % _| B B
065 0.7 075 08 085 09 09 1.0 == L
Transverse thrust T i 1L
Jl f_j -n Decrease with — )
1=t y — . | | | g = I
" _ Z Pr % 0.2 0.6 0.8 1 -—<>—$ Decrease with p;
4 phase-space regions: SthFOClty S el | | |
p-(I) < 6 GeV The unfolded muon channel results for the Y0 oz 04  os o8 1
pr(I)= 6—-12 GeV observables in the various p;(u*u’) ranges, with the F-parameter d
pr(ll) =12 — 25 GeV total uncertainty presented as the quadratic sum of = _ 4

pr(I1) > 25 GeV vurikichitsly the statistical and total systematic uncertainties. Ao ’



Event-shape observable Charged-particle multiplicity in Z -~ e*e for p,regions

1 dN
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- - - - + -
Event-shape distributions in Z—-e*e 003 [
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Larger deviations with
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Distribution of charged-particle multiplicity, N,, for Z—e*e for the
four py(e*e’) ranges: 0-6, 6-12, 12-25, >25 GeV compared to the

predictions Pythia8, Sherpa, and Herwig?7. 10



Event-shape observables Scalar sum of transverse momenta in Z — y*Lr for p-regions

0 20 40 60 80

Event-shape distributions in Z—u*uw

Similar distributions for Z—e*e-

Sherpa at low p+
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Best agreement for Pythia,
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Summed transverse momenta > p; for Z—u*w for the four p (u*w)
ranges: 0-6, 6-12, 12-25, >25 GeV compared to the predictions Pythia8,
Sherpa, and Herwig?.
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Event-shape observable Beam thrust in Z - u“u for p,regions

1/Ney dN/B [GeV™']
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50
B [GeV]

Larger deviations with
Sherpa at low p+

Low-x 2016

Pythia8 still performs better than Sherpa.

Beam thrust, B, for Z—e*e" for the four p,(e*e’) ranges:
0-6, 6-12, 12-25, >25 GeV compared to the predictions
Pythia8, Sherpa, and Herwig?7. 12



Event-shape observable 7ransverse thrust in Z - e’e for p,

Event-shape distributions in Z—-e*e-
Similar distributions for Z—p*uw
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to the number of charged particles
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ranges: 0-6, 6-12, 12-25, >25 GeV compared to the

predictions Pythia8, Sherpa, and Herwig?.
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Underlying Event at 13 TeV ATL-PHYS-PUB-2015-019

Hard scattering Preliminary 13 TeV analysis based on
. direction | eading track:

,eagi',‘:;eoﬁ’ject@ » Same dataset and same event and track

Sensitive to | leading track selection as the MB@13 analysis (see
g\;‘ednetg“”e , Valentina Cairo report) with an additional
) . requirement: Leading track with p>1 GeV

p " p » Results presented at detector level,

—15:\ /\j without any correction (the width of the
</ . vertex distribution along the Z axis in MC
8 is reweighted to match the data)

Sensitive to ™ The tracking efficiency uncertainty is

underline events about <2%
Recoilto » No correction for secondary tracks is

leading object
o performed )

Yuri Kulchitsky Low-x 2016



Monte-Carlo models ATL-PHYS-PUB-2015-019

The data are compared with the Monte Carlo event generator predictions, after passing the
generated events through the ATLAS detector simulation, which is based on Geant 4.

Generator Version Tune PDF Focus of Tune
Pythia8 8.186 A2 MSTW2008LO MB

Pythia8 8.186 Monash NNPDF2.3LO MB/UE
Pythia8 8.186 Al4 NNPDF2.3LO  UE/Shower
Herwig++ 2.7.1 UEEES5 CTEQ6L1 UE

Epos 3.1 LHC MB

The tunes use data from different experiments to constrain different processes.
Some tunes are focused on describing the MB distributions better.
The rest models are tuned to describe the UE distributions.

Definition of Observable ~ Name Definition
the measured <d?N/dnde> Average track multiplicity density =~ Number of tracks per unit n—¢
observables <d?yp;/dnde> Average scalar p; sum density Scalar sum of track p; per unit n—¢

Yuri Kulchitsky Lowx 2016 15




Distributions of average sca/arpT sumvs p;€adat 13 TeV

S - AL L o] - L A L L B T 3
EJ 25— Transverse region ATLAS Prellmlnary —] % n Toward region @ ATLAS Prehmmary E COmparISOH of
=k T \s=13TeV 1 S & T \s=13TeV 3 detector level
A 2 P >05GeV, <25 1 A b P >05GeV,m<25 E
B [ jead 1 8 °F et 2 data and MC
— [ Py >1GeV 1 = F P>1Gev g 1 : o
¥ 15 Plateau for p;'¢ad>10 GeV 1 ¥ “FGradual increase of fm ’ - predictions for
o [ rrbresc T e o e e S DA E
W SAARRELEELL I oorrscs B 3:—<d 2.pr/And>pe ;"""Contrlbutlons from§ average SCalf':ll"
v ot ' 1V ek . jet-like activity 3 Pt SUM den5|ty
- —e— DATA (uncorrected) == EPOS _ - —e— DATA (uncorrected) == EPOS .
0.5: =+ PYTHIA8 A14  weeeee PYTHIA 8 A2 ] 1= - pYTH|:3C;\)1fce ...... PYTHIA 8 A2 —: Of traCkS as a
-+ HERWIG++ EES  —— PYTHIA 8 Monash | v - HERWIG++ EE5  —— PYTHIA 8 Monash - function of
i} track p'*adin
< the transverse
g (left) and
toward (right)

0 15 20 25 30 _
P4 [GeV] regions.

» From|10 GeV: Good description for the UE tunes (Herwig++, Pythia A14, Monash)

» None of the MC models describe the initial rise well

» The EPOS 20% off in the plateau (indicated the absence of semi-hard minimum-bias events)
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Distributions of average track multiplicity vs p;'®2° P B

A B L ) B S B T 1 A I | T ] .
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the transverse
o= (left) and

MC/Data

25 .
ps% [Gev] regions.

» Good|prediction of Herwig++ & Pythia A14, Monash in the plateau part of Transverse region
» None of t/ e MC models describe the initial rise well
» The EPOS predicts significantly less (~15%) activity at higher p,ed .
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Distributions of average frackmu/t/p//cnfy and pT sum vs |Ad|
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» For p;'*d >1 GeV: Good agreement with MB tune (Pythia A2, EPOS)
» For p;'*d >5 GeV: Good agreement with UE tunes (Herwig++, Pythia Monash, Pythia A14)
» The distributions do not show a significant difference between Data and MC predictions

Yuri Kulchitsky
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Summary

» The event-shape observables sensitive to the underlying event were measured
in 1.1 fb! integrated luminosity of pp collisions at Vs = 7 TeV. Events with an
Invariant mass close to the Z-boson mass (Z—e*e” and Z—u*u-) were selected.

»The charged particle multiplicity, mean transverse momentum, Beam thrust,

Transverse thrust, Spherocity, and F-parameter were measured.

» The resulting distributions are presented in different regions of the Z-boson p; and
compared to predictions of the MC event generators, which provide predictions
that are in better agreement with the data at high Z-boson transverse momenta
than at low Z-boson transverse momenta.

> Underlying event analysis at Vs = 13 TeV data are shown: reasonable agreement
of tunes used In Atlas MC with new data. The data sample corresponds to an
integrated luminosity of 151 upbl. These detector level distributions show
discriminating power between different MC models.

Yuri Kulchitsky Low-x 2016 .
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Event-shape observables N,,, 2prand B inZ - /¢ at7 TeV
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Event-shape observables 7, S and F inZ - /¢ at7 TeV
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Event-shape observable Spherocity in Z - u*u for p,regions

arXiv: 1602.08980
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Event-shape observable F-parameter in Z -~ e*e for p,regions
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F-parameter for Z—u*u for the four p(u*w) ranges:
0-6, 6-12, 12-25, >25 GeV compared to the
predictions Pythia8, Sherpa, and Herwig7. *°



Underlylng event Z and Jez‘s at 7 TeV
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» Data are compatible between the different definitions
» Transition between leading track and jet
> In the track density distribution, Z-bosons and jets agree well at high p; 27
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Comparison of detector level data and MC predictions for average scalar p; sum density of tracks (top row) and average track
multiplicity density values (bottom row) as a function of Z (left column) and leading jet (right column) transverse momentum.

» For Jets: Not perfect agreement between data and simulation Herwig better than Pythia6
» For Z: Good description given by Sherpa, followed by Pythia 8, ALPGEN and POWHEG
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