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Introduction and Content

Understanding behavior of “basic” boosted objects, W /Z and top,
at high pr is essential for many measurements and searches!

New or updated ATLAS cross section results since BOOST '13:
m Differential tt cross section (July '14)
m High pr Z — bb cross section (April '14)
m High pr W/Z cross section (July '14)



Differential tt Cross Section Measurements

arXiv:1407.0371 [hep-ex], submitted to PRD
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http://arxiv.org/abs/1407.0371

Differential tt Cross Section Measurements — |l

arXiv:1407.0371 [hep-ex], submitted to PRD

g T
E ATLAS pHets
Ee st 4 oaa 3
E =7 TeVI Ldt=461 R,

[ T @ilepion) 3
B Single t0p

Events / GeV

5 -

"0 100 200 300 400 500 600 700 800
Hadronic top P, [GeV]

Data/Prediction
o

> — ey
S 120001 ATLAS Sriets
I3 1 4 Data
o 18=7 TeV .[ Ldt=46f U (isjets)
£100001 7 (epion) |
S I Singie o9
» 8000 B Weiers
5 [ Mutiet
2 6000 & [ Oter 4
4000
2000

1.5
1 W/{ﬂﬂ//w‘u{g‘:«a‘uﬁ;ﬂ«%
0.5
-2

Data/Prediction

m Unfold data to parton-level kinematics

Regu larized SingularVaIueDecomposition method

Migration matrices from tt MC (LO)

Main systematic uncertainties:

B pY mg: JES (1-4%), MC gen. (1-8%), b-tagging eff. (1-4%)
B pif: ISR/FSR (1-10%), MC gen. (1-9%), frag. (1-7%), JER (3-8%)

B y,;: MC gen. (1-6%), fragmentation (1-4%),

Combine e and u channels with BLUE method

Comput dX' with X:

p%— (sensitive to higher order corrections @ high p7)
M (important for tf resonance searches)

pEF (sensitive to extra radiation)

Y+t (test of PDFs)

m Compare to various generators and calculations


http://arxiv.org/abs/1407.0371

Comparison of Unfolded Data and Different Generators s/20
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Comparison of Unfolded Data and NLO QCD Calculations

6/20
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Comparison of Unfolded Data and NLO+NNLL QCD

Calculation
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Comparison of Unfolded Data and different PDFs
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High pr Z — bb cross section measurement

arXiv:1404.7042 [hep-ex], submitted to Physics Letters B

b m Data: /s =8 TeV, Lj,; = 19.5 fb~!
oz m Signal simulation: SHERPA
~ m Multi-jet background: from data
b m Other small backgrounds from
simulation.

m OR of six jet based triggers.

m 3 < nj <5

anti-k; R = 0.4, pr > 30 GeV, |n| < 2.5
B Np_jet = 2:

MVA, € = 70%, pr > 40 GeV, ARy, < 1.2
m Di-jet system:

pdiet — pbb 200 GeV

60 < mgjer < 160 GeV


http://arxiv.org/abs/1404.7042

Separation from Multi-Jet Background — Neural Network

ANN output Syp:
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Signal Extraction

Signal Region:
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Signal Extraction
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Resulting Cross Section 0,_, 7

Systematics:

Measurement: Source of uncertainty

B
o5 pp(fiducial) = y—
. gy scale +6.5/-5.0
2.02 + 0.20 (stat.) 4= 0.25 (syst.) £ 0.06 (lumi.) pb Jet energy resolution +5.1 |
b-taggin +3.6
Trigger modelling +6 |
Hp . Control Region bias +4.9/-5.5
NLO Predictions: Signal Sy modelling +2.9
_ -+0.25 -+0.03 Signal mg;;e; shape +22
OPOWHEG = 2‘02—0.19 (SC&IGS —0.04 (PDF) pb Z—»cEno;rtnalisation +0.4
+0.16 1 normalisation +1.1
OaMCONLO = ]“98—0:08 (SC&IGS):E0.0?) (PDF) pb W — gq’ normalisation +1.0

Very good agreement!



High pr all-hadronic W /Z cross section measurement 1320

arXiv:1407.0800 [hep-ex], submitted to New J. Phys.

m Data: \/s=7TeV, Lijpy = 4.6 fb~?
Signal MC: HERWIG+JIMMY

scaled to NLO MCFM prediction (k = 1.25).

QCD jet MC: PYTHIA

m + variations for crosschecks/systematics.

m Reconstruct W/Z in one anti-k; R = 0.6 jet, with
pr > 320 GeV, |n] < 1.9, 50 GeV< mje; < 140 GeV

m Limited jet mass resolution — measure
ow+z =ow (pr > 320,|n| < 1.9) x B(W — qq)

+ oz (pr > 320,|n| < 1.9) x B(Z — qq)

m Use W/Z enriched jet sample to study several grooming methods.


http://arxiv.org/abs/1407.0800

W /Z Jet- QCD Jet Discrimination

. . -of- fi :
= Boost jet to its Jet center-of-mass frame

center-of-mass frame:

m W/Z: back-to-back
m QCD: isotropic

m Analyse “jet-shapes”:

Thrust Minor: Sphericity: Aplanarity:
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Likelihood Discriminant
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Signal and Background Modeling

Signal:
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m For each W and Z:
1 Breit-Wigner ® 1 Gauss

m Floating: W/Z rate

m Other parameters: fixed to MC

Background:

> T
() C

g 30000 ATLAS Simulation (b)
P FVs=7Tev

3 25000F —e— QCD jets

- p, > 320 GeV — Background fit

200003 1N <19 L>0.15
15000
10000

5000

IR R R
8 100 150 200
Jet Mass [GeV]

o
N
(o)
o

m 2 exp. decay functions + 1 sigmoid
S(m) = m/\/1+ m? with M = (mjer — mo) /om

m Shoulder due to selection, etc.,
well reproduced by QCD jet MC



Signal Extraction and Results

Systematics:
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Effects of Various Grooming Techniques

m Use selected sample enriched in W/Z to study effect of
Pruning (Reut = 0.3, zeur = 0.02, kt)
trimming (Ryp = 0.2, foue = 0.03)
area subtraction

: cut on recalculated LLH to get the same background rejection (89%).

: Recalculate area subtracted mje; for default jets.

> n (\) T T T T T T T 3 900p—rry T T T T
[ E @ Amas Data ] E
O 12000 \5=7TeV, 46 6 @ Ungroomedjets ] © goop- ® ATLAS Simulation 1
= Pruned jets B < E E|
a r P> 320GV, pl < 1.9 i} Trrllrl:;ejdeje\s | » T00F — Ungroomed jets -
g 10000 -¥- Area Subtracted jets —| S £ — Pruned jets E|
> 2 PYTHIAB(bkg)*HERWIG(sig) ] a2 600 — Trimmed jets E
w 8000 — —+ Ungroomed jets - 500:7 — Area Subtracted Jets
— Pruned jets B E E|
— Trimmed jets ] E E|
6000 —+ Avea Subtracted jets | 400F- E
] 300K -
4000 e E E
] 200 =
2000 L 3 100E E
s = E El
Covnt | | | | it = == = & | | | | L d
%O 60 70 80 90 100 110 120 130 140 150 g[) 60 70 80 90 100 110 120 130 140 150

Jet Mass [GeV] Jet Mass [GeV]

Without extra optimization, results are compatible with default analysis
within statistical uncertainties.



Low vs. High Pileup, i.e. Ny

Ungroomed: Pruned:
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Trimmed: Area subtracted:
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Pile-up is nicely suppresed, effect are well described by MC.



Conclusions

m New differential t cross section measurement @7 TeV
m Comparison with MC generators, NLO(+NNLL) QCD
computations and PDF sets
m Data softer at high p%- than prediction, current reach: 900 GeV
m High pr all-hadronic W/Z and Z — bb cross section
measurements in good agreeement with predictions
m Test of substructure techniques in events enriched with
hadronically decaying W /Z shows good agreement with
prediction and nice pile-up suppresion.

m Looking forward to even more boosted Run-I/Il measurements
@ BOOST2015!
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tt Differential Cross Section — x? values

Variable | ALPGEN+HERWIG | MC@NLO+HERWIG | POWHEG+HERWIG | POWHEG+PYTHIA NLO QCD NLO+NNLL
x?/NDF _p-value|x?/NDF _ p-value |x?/NDF p-value |x?/NDF p-value|x?/NDF p-value|x?/NDF p-value
4 24./6 0.00 8.0/6 0.24 4.8/6 0.57 19./6 0.00 9.5/6 0.15 7.6/6 0.27
Mg 2.6/4 063 | 69/4 0.14 5.5/4 0.24 13./4 001 | 55/4 024 | 5.9/4 0.20
pi 4.2/3 0.25 0.5/3 0.93 41/3 0.26 21./3 0.00 14./3 0.00 9.9/3 0.02
let] 1.6/2 045 | 3.4/2 0.18 4.3/2 011 | 48/2 009 | 37/2 0.6

TABLE VII. Comparison between the measured normalized differential cross-sections and the predictions from several MC
generators and theoretical calculations. For each variable and prediction a x* and a p-value are calculated using the covariance
matrix of each measured spectrum. The number of degrees of freedom (NDF) is equal to Ny, — 1 where NV, is the number of
bins in the distribution. In the last column p%, m,; and pr" are compared to NLO+NNLL predictions [11] and [12-14].

Variable CT10 MSTW2008NLO NNPDF 2.3 HERAPDF 1.5
x*/NDF p-value|x?/NDF p-value|x?/NDF p-value|x*/NDF p-value

Py |95/6 015 | 9.8/6 014 | 82/6 022 | 55/6 049

mg |55/4 024 | 6.0/4 020 | 52/4 027 | 063/4 096

P |14/3 0.00 | 13/3 001 | 123 001 | 91/3 003

vl 3772 016 | 40/2 013 | 13/2 052 | 044/2 0.80

TABLE VIIL. Comparison between the measured normalized differential cross-sections and the NLO predictions (MCFM) for
different parton distribution functions. For each kinematic variable and each parton distribution function, a x? and a p-value
are calculated using the covariance matrix of each measured spectrum as well as the theory PDF and scale covariance matrix.
The number of degrees of freedom (NDF) is equal to N, — 1 where Ny, is the number of bins in the distribution.



tt Differential Cross Section — Systematic Uncertainties,

Event Yields 23/20
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Z — bb: Details

5. Cross-section definition Source of uncertainty  AN,,;(%) AC, (%) Ao (%)
The fiducial cross section of resonant Z boson production, Jet energy scale 43.0/-15 184 465/ -50
with Z decaying to bb, a-ii 4 18 defined as follows. Particle- Jet energy resolution 53 02 51
level jets in MC Z —bb events are reconstructed from stable btagging +0.1 36 +36
particles (particles with lifetime in excess of 10ps, exclud- ggﬁiz‘;gd_e;;“ﬁas +4 g/‘}s 5 I\?/6A +4 9767 ss
ing muons and neutrinos) using the anti-k, algorithm with ra- Signal stmo delling -:0.9 ) 320 .12,9 :
dius parameter R = 0.4. There must be two particle-level Signal mgge, shape 22 NA 22
b-jets in the event that satisfy the following fiducial condi- 7 — ¢¢ normalisation 04 N/A £04
tions: pr > 40GeV, n| < 2.5 for the individual jets; and 1 normalisation +12 N/A +1.1
AR(jetl,jet2) < 1.2, p;‘m > 200GeV, 60 < mger < 160GeV W — qg’ normalisation +1.0 N/A +1.0

for the dijet system.
The cross section is extracted from the measured yield of
Z — bb events in the data, N, 7, as

fid NZﬂbE

Tzib = T [

where C,_,; is the efficiency correction factor to correct the
detector-level Z— bb yield to the particle level. The value of
C,_,; in the Surrea MC signal is found to be 16.2%, which can
be factorised into the product of: trigger efficiency (88.1%), b-
tagging and kinematic selection efficiency (52.7%), and the ef-
ficiency of the Sy requirement that defines the Signal Region
(35.0%).
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Events / 5 GeV

(Data - Background) / 5 GeV

Validation, pc%'jet raised from 200 to 250 GeV 27/20
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This yield measurement, extrapolated back to the baseline fiducial cross-section definition (i.e. with dijet pT > 200

GeV), results in a consistent cross section of 2.11 +/- 0.28 (stat.) pb.



Fit Validation, only events selected by the dominant trigger
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Statistically independent compared to next page, compatible results: 1.99 +/- 0.25 (stat.) pb and 1.87 +/- 0.44
(stat.) pb respectively, despite the very different background shapes that are produced by the different kinematic

sculpting effects of the triggers and the conservative trigger modelling systematic uncertainty of the measurement.



Fit Validation, only events NOT selected by the dominant
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Statistically independent compared to last page, compatible results: 1.87 + /- 0.44 (stat.) pb and 1.99 +/- 0.25
(stat.) pb respectively, despite the very different background shapes that are produced by the different kinematic

sculpting effects of the triggers and the conservative trigger modelling systematic uncertainty of the measurement.



W /Z: Event Shape Varaibles

o Thrust minor: the thrust axis [34) 35 of a jet in its centre-of-mass frame, 7', is
defined as the direction which maximizes the sum of the longitudinal momenta of
the energy clusters. The thrust minor [34; 35|, Tryn, is related to this direction and
is defined as .

T = 42T, (A
A
where f; are the momenta of the energy clusters in the jet Test frame. Ty = 0
corresponds to a highly directional distribution of the energy clusters, and Ty, =
0.5 corresponds to an isotropic distribution.

Sphericity: the sphericity tensor [36] is defined as

gon = Surfrl (A2)
AL
where o and 8 correspond to the z, y and z components of the momenta of the
energy clusters in the jet test frame. By standard diagonalization of S one may
find three eigenvalues A\; > Ay > A3, with A; + X2 + A3 = 1. The sphericity is then
defined as 3
5= 500t ). 43

Sphericity is a measure of the summed squares of transverse momenta of all the
energy clusters with respect to the jet axis. By construction 0 < S < 1. A jet
with two back-to-back subjets in its rest frame has S = 0, and S = 1 indicates an
isotropic distribution of the energy clusters.
Aplanarity: the aplanarity [36] is defined as

By, %)

2 [34] S. Brandt, Ch. Peyrou, R. Sosnowski, and A. Wroblewski, The principal agis of jets — an
attempt to analyze high-cnergy collisions as tuo-body processes, Phys. Lett. 12 (1964) 57.

and is constrained to the range 0 < A < % A highly directional distribution of the (35] E. Farhi, Quantum Chromodynamics Test for Jets, Phys. Rev. Letd. 39 (1977) 1587,

_ — N - it rihut [36] 3. D. Bjorken and S. J. Brodsky, Statistical Model for Electron-Positron Annihilation. Into
energy clusters has A =0, and A = 0.5 corresponds to an isotropic distribution. Hadrons, Phys. Rev. D1 (1970) 1416
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