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Introduction s

Jets are composite objects so information can be gained by looking

at the internal structure
\ Jet shapes: differential/
integrated measures of

energy flow calculated from

The shape of a jet is dependent on the part
e shape of a Jet Is dependent on the partons the jet constituents

that give rise to the jet in the final state:

* Distinguish highly boosted massive particles from the QCD background
becomes increasingly important as the centre of mass energy increases

* Distinguish quark- and gluon-like jets

 Constrain phenomenological models for parton showering, hadronization and
soft physics

Two analyses considered here:

* Differences between b- and light-quark jets in top pair events in terms of jet shapes
Sensitive to different parton shower models EPJC(2013) 73:2676

* Boosted Z=>bb cross section measurement

Tests predictions at high p; and validates searches for TeV scale resonances
arXiv:1404.7042 2



Jet shapes in top pair events =

Use top pair events to study the differences in the jet shapes of b- and light-quark jets

Consider two jet shapes:

 Differential:

| pT(r— 5 J+ >
Ar pr(O,R)

p(r) =

* Integrated:

W(r) = pr0.1)

pr(O,R)

Using top quark pair eventé'>

Dilepton channel

l+

Source of
light quarks

Clean source

) «—  of b-quarks
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Event Selection (single-lepton)

* Inclusive Trigger : 20 GeV electron 18 GeV muon
- 1 isolated lepton : pr >25 GeV pr >20GeV
« Missing energy : E"™(e) > 35 GeV E™ (u) >20GeV
- Transverse mass : m, >25 GeV m, + EI"™ > 60 GeV
+ 4 anti-k; R=0.4 jets : pr >25GeVand | <2.5

1 b-tagged

Y .
my = \/Zp;E;"ss(l - CcosAg,,)

| Process | Expected events | ___Fraction __

tt 14000 = 700 77.4%
W+jets 2310 £ 280 12.8%
Other EW 198 £ 18 1.1%
Single top 668 £+ 14 3.7%
Multi-jet 900 + 450 5.0%
Total Expected 18000 = 900

Total Observed 17019




Event Selection (dilepton)

* Inclusive Trigger : 20 GeV electron 18 GeV muon
« Missing energy : E"™ > 60 GeV (ee, pp), H, >130 GeV (ep)
* Dilepton invariant mass : m, >15GeV and ‘m” - mz‘ =10 GeV
- 2 anti-k; R=0.4 jets: pr >25GeVand [ <2.5
1 b-tagged
___ Process | Expected events | Fraction
tt 2100 £ 110 94.9%
Z+jets 14 + 1 0.6%
Other EW 4+ 2 0.2%
Single top 95+ 2 4.3%
Multi-jet 0+2, 0.0%
Total Expected 2210 £ 110

Total Observed 2067




Jets /10 GeV

Jet Selection &

b-quark jets

 b-tagged (efficiency 57%)
* AR,; > 0.8 (isolated)
« JVF > 0.75 (avoid pileup)

Purity (lgq) = (88.5 £ 5.7)%
Purlty (”) = (99.34-0'7_6.5)0/0
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p(r) — detector level

The distribution of the differential jet shape p(r) for b- and light-quark jets in the
single lepton channel
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Kinematic dependence

L ook at the dependence of the average values with p; and n

A _l LI I T 1T I T 1T I L I TTT I TTT I TTT I TTT I TTT I TTT I TTT I ] A _| T T I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I |_
~ 0.3+ 4 ~ 0.3 —
S - ATLAS JLdt =18t 1 S - ATLAS JLdt: 181" ]
- N & 7 2 N ]
3. 0.25(- . — 5 0.25[- o —
o C b-jets Vs=7TeV ] o C e lightjets Vs=7TeV ]
Strong v oo X —+— Data 1 vt —+— Data ]
0.2 —m— MC@NLOs+Herwig 0.2~ - — = MC@NLO+Herwig
de pe n de nce B T T - @ - PowHeg+Pythia ] B - --e - PowHeg+Pythia ]
on pT 0151 Stat. Uncertainty Only 7 0.15- Stat. Uncertainty Only ]
B —i= i B == i
L _ L —Ah— _
0.1~ . e 3 O |l f====s 7
B S — ] B — é — ]
_I 1 1 I 111 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I I_ _I 1 1 I 111 I 11 1 I 11 1 I 111 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 111 I I_
0 20 40 60 80 100120 140 160 180200 220 0 20 40 60 80 100120 140160 180200 220
b, [GeV] p, [GeV]
A O L L B BN B B A O L B B R B A L
N 0.3 - N 03 -
S i ATLAS J Ldt=18f" ] < i ATLAS I Ldt=1.8f" ]
= L biets Vs=7TeV 1 £ - lightjets Vs =7TeV -
0 I k - 025~ Data Stat. Uncertainty Only - 025 4 paa Stat. Uncertainty Only |
n y wea \Y B —m— MC@NLO+Herwig ] \Y, B —m— MC@NLO+Herwig ]
L - - - PowHeg+Pythia . - --@ - PowHeg+Pythia .
dependence 0.2 . 0.2 -
B — '_ — A = o e ——— e
On n L - _'___‘___ _---':-——: : L —.—_. :
0.1 5_— A ] 0.1 5_— o
0'1:_ | | | | _: 0'1:_ | | | | _:
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 8 2.5
In| Inl



Unfolding and systematics

Correct to particle level using bin-by-bin factors for the average values of both

shapes: <P(7')l’b> <qj(r)l7b>MC -
MC ,part qu; (r) = P
<p(r)l’b>MC,det | <1P(r)lab>

Particle jet : anti-k; jet formed from stable particles excluding muons and neutrinos

FZ"‘;7 (r) =

MC det

must pass the same kinematic requirements: p; > 25 GeV, |n| < 2.5, AR; > 0.8

Particle b-jet: has a b-hadron within ARg; = 0.3 of the jet axis
Particle light-jets: pair of non-b particle jets with mass closest to the W

Systematic Uncertainties:

_____Source | Description _____|Impact: Aplp

Cluster systematics Energy scale, angular resolution 2-10%

Pileup Number of primary vertices 2-10%

Unfolding Model Parton shower model 1-8%
Jet Energy Scale Uncertainty on jet calibration ~5%
Jet Energy Resolution Calorimeter energy resolution ~5%

JVF JVF related uncertainty <1% 9



Unfolded results (30 < p; <40 GeV)
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Unfolded results (100 < p; < 150 GeV)
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Boosted Z -> bb analysis 4

Observation and cross section measurement of boosted Z->bb in a fully hadronic
final state

Measure the production cross section and compare to NLO matrix element plus parton
shower predictions:

» Useful in the search for a H—=bb signal
» Useful in future searches for TeV scale resonances decaying to ZZ, ZH, HH
* Tests theoretical predictions at high p;

Event Pre-selection:
» Trigger: OR of 6 jet-based triggers using online b-tagging
* 2 anti-k; R=0.4 jets:

Form a dijet:
. >
, IIDnTI <‘;O5Gev . « pr > 200 GeV
' AR <12

 b-tagged (efficiency 70%)
<6, Np jots == 2 = reduces tt background

*N

jets

12

2012 data, 19.5 fb-"




Signal and Control regions
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Fitting procedure

Signal model: sum of 3 gaussians

- normalisation and peak position free parameters
- atio of yield in signal and control regions fixed
validated using Z — pu events

Multijet background: 7t order Bernstein polynomial
Coefficients the same for the signal and background fit
Other backgrounds: taken from MC
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Systematic Uncertainties

Source of uncertainty | Ac (%) Efficiency cross-checked in data
Z2bb using a prescaled trigger
Jet Energy Scale +6.5/-5.0
Jet Energy Resolution +5.1 Vary the Sy, cut used

b-tagging +3.6 for the control region
Trigger Modelling +6
+4.9/-5.5

Control Region Bias

Signal Sy Modelling £2.9 = | Compare data and MC

Signal mgjje; Shape +2.2 using Z—> p events
Z — cc Normalisation +0.4

tt Normalisation +1.1

W — gq’ Normalisation +1.0 Use Pythia 8 rather

than Sherpa to define
the signal shape

> Total systematic sums the sources in quadrature
15



Z -> bb results
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Good agreement with NLO + PS predictions



Conclusions th

The jet structure of b- and light-jets has been studied in the context of top pair events

« The jet shapes are strongly dependent on the jet p; and only weakly
dependent on the jet n

« Light-jets are narrower than b-jets with the difference most pronounced
at low p;

« The shapes are well described by the MC using NLO generators with
either the Pythia or Herwig+jimmy parton showers

A high p; Z =>bb signal was observed and the cross section extracted
« There is good agreement between data and NLO+PS predictions

« This opens up opportunities for further studies of high p; bb resonances
Increasingly important as the LHC centre of mass energy increases

17
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Y(r) — detector level

The distribution of the integrated jet shape W(r) for b- and light-quark jets in the
single lepton channel
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Comparing b- and light-jets

Compare the dlstrlbutlons of the average values as a function of r
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Unfolded results (40 < p; < 50 GeV)
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Unfolded results (50 < p; < 70 GeV)
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Unfolded results (70 < p; <100 GeV)
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