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Introduction

* Top quark-related measurements deal with non-perturbative QCD from
hadronization and fragmentation.

hard scattering

partonic decays, e.g.
t — bW

parton shower
evolution

e colo glets
e colourless clusters

e cluster fission

* Top quark results affected by related uncertainties: hadronization,
underlying event, color reconnection...

+ b-quark fragmentation studied in ee colliders.
+ pp collisions: more complex color flow. Can be studied in
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Outlook

« K2 and A° production in tt (ATLAS).

- pp collisions at 7 TeV.
- Unfolded data compared with several predictions.

* Measurement of the top-quark mass with a J/y (CMS).
- pp collisions at 8 TeV.

- m(J/p+e,u) sensitive to tt modeling. JHEP 12 (2016) 123
- Comparison with various predictions.

47

o Study of b-quark fragmentation in tt (ATLAS).&@ ATLAS-CONF-2020-050
- pp collisions at 13 TeV.
- Observables from b-hadron and b-jet kinematics.
- Unfolded distributions compared with several predictions.
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https://link.springer.com/article/10.1140/epjc/s10052-019-7512-y
http://dx.doi.org/10.1007/JHEP12(2016)123
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-050/

K.” and A° production in tt (ATLAS)

 Study of neutral strange hadrons in tt events.
e Production of strange particles is sensitive to parton shower, fragmentation,

multiparton interactions (MPI).

e Decays considered in the analysis:

N o p+r
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https://link.springer.com/article/10.1140/epjc/s10052-019-7512-y

K.” and A° production in tt (ATLAS)

e pp dataset, 4.6 fb!at 7 TeV.

e tt events in the dilepton channel.

o K.?and A° are reconstructed from charged particles coming from a displaced
vertex:

e
N =>prm

e Three categories:

dN/dm,_. [MeV |

Pred/Data
o1 . O N
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Inside b-tagged jets
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Inside non b-tagged jets

g K3: inside non-b-tagged jets
- ¢ Data
- [] tt Powheg+Pythia6

ATLAS
\s=7TeV,46fb"

520
m, [MeV]
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Pred/Data

outside jets

; K3: outside jets
t ¢ Data
- [] tt Powheg+Pythia6

ATLAS
\s=7TeV, 46"

520 540
M, [MeV]
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https://link.springer.com/article/10.1140/epjc/s10052-019-7512-y

Background subtraction

S 5o K inside nonbagged et 3 Background from fake reconstruction is
2 - ¢ Data il . .
= 40 [urounegspytnas AR taken from sidebands and subtracted in
£ b 7o several kinematic distributions.
5 F
PE ..., 1 Applied to both data and prediction.
8 2f ]
Q1_5 z o5 has] ERRsel—tle et SISl LS ] R SRR e - . . .
2 {***ﬁgﬂ*ﬂﬂhﬁ £ Cross check in MC studies and with an
460 480 500 520 ) V?o alternative method (gaussian + constant fit).
Class Nk Na
Number of
: Inside b-tagged jets 530 £ 34 115+ 19
candidates after Inside non-b-tagged jet 391 + 25 65 + 14
background (;181 'Znon ] {:gge o 1837 £ 49 183 £ 18
: ) utside any je
subtraction: Total sample 2758 £ 69 563 =51
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https://link.springer.com/article/10.1140/epjc/s10052-019-7512-y

Detector level results

Explored distributions: p, E, n, R, N, x, = E/E.
Normalization: good agreement except for K.° and A° reconstructed
outside jets: MC predictions predict ~30% less events.

Shapes: fair agreement for most of the distributions, with the
exception of the multiplicity of A°, K .
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Results for unfolded distributions

Unfolding to particle level applied to data. Unfolded distributions
are compared to several MC generators and different MC tunes.

Zx T T T T T T T T T : x :
O &w&\m ATLAS a % 10 Y =1
= KR, 1s=7Tev, 460" _ = = 3
= UF ... R hes :
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z"’1 L | ¢ Unfolded data a\\\\\ """"""" el 5 ISi= eV oMo Sl h . ek T 7
= 10 = —— tt Powheg+Pythiab hw S Z 107 £ k2. total sample =

£ it YICONEOsHenw \ = ¢ Unfolded data tt Acer+Pythia6
P neipe N 10* £ — Perugia NOCR -..-- Perugia —
10® £ YTotal Uncert. TuneApro NOCR- - - TuneApro E
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In general, good agreement with predictions. The kaon multiplicity
IS sensitive to modeling and suggest that the tune of CR and MPI
can be improved.
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Measurement of the top-quark mass with a J/y

 The modeling of b-fragmentation effects can be studied in tt events
with a b - J/y decay.

Measurement of the
top-quark mass:

m(t) is correlated with
m(e/u + J/p)

- Clean channel: multilepton final state (3 or 4 leptons).
- Rather small branching fraction: ~1.5x10.

- Single-top events are considered signal.
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http://dx.doi.org/10.1007/JHEP12(2016)123

Measurement of the top-quark mass with a J/y JHEP 12 (2016) 123

pp collisions at 8 TeV, 19.7 fb™.
* Both dileptonic and semileptonic decays are considered.
» Selected events must contain a J/y candidate (Up).

CMS 19.7 fo'' (8 TeV) CMS 19.7 fb™ (8 TeV)
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http://dx.doi.org/10.1007/JHEP12(2016)123

Comparison to different tunes

* The b-fragmentation modeling is proven for different MC tunes. The mean
of the ratio p2'(B)/p (iet) is tested as a function of the top quark mass.

CMS Simulation (8 TeV)
2 oo ' ' ' ' ' ' S CMS Simulation (8 TeV)
% - — Z2*LEPr, Bdecayswnhd/\y- S\ 0-8_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|I
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- NS - . P12 .
B i i Vo i S i B — 2 § i
- - e i
a 1.4 Z2 LEP e Z2* LEP r;, — 22 =] E‘“ B i
LlJ + 'N- q : e
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N HE st R R s e - :
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3 0.8 — ‘__ -t = L_IIJ 02— -
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k.Q 14 Um0 R G i S L "] E : :
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0.73 0.735 0.74 0.745 0.75 0.755 0.76 0.765 0.77

®(B)p (jet)

Top quark mass difference in MC between the
reference tune and other tunes.
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Fit to m(J/y+e,u)

* Fit to the m(J/+e,n) distribution with a gaussian (signal) + gamma (bkg)

function. CMS 19.7 fo' (8 TeV)
; 100 _I I I I I I I I I I I I I I | I I I I | I I I I—
o m, = (173.5 + 3.0) GeV )
o = i
» 80 =
= B & :
o
> Jny —
L i 4
: 60 — =
U parameter of the gaussian i
component is shown to be very E g
correlated with the top quark i i o
MNass. - { Statistical uncertainty
B AE ey .y == gamma component |
_ E RO G i t
Avalue of 173.5+ 3.0 GeV is 2o 47 ¢ + It
measured. [ 4f e :
R | finy
0 ¢ .... ]‘\‘\ | ] | ] | | ] | ] I""'i ----- L | | | el l | 1.9
0 50 100 150 200 250

My (GEV)
* Uncertainty dominated by statistics.
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b-quark fragmentation in tt (ATLAS) ATLAS-CONF-2020-050

Study of observables sensitive to b-fragmentation %
In tt events in the ey final state.

jets containing
b-hadrons

* This process provides a pure sample of b-jets that are used to:
- Test of heavy-flavor fragmentation modeling at the LHC.
- Comparison of generators, and different tunes.

9/16/20 Juan R. Gonzalez - University of Nebraska-Lincoln
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-050/

b-quark fragmentation in tt (ATLAS)

e 36.1 fb! of pp collisions collected by ATLAS at 13 TeV.

* Event preselection: exactly two leptons (e, opposite charge),
exactly 2 jets, at least one of which is b-tagged.

* Charged particles are reconstructed as coming from the primary
vertex or a secondary vertex.
b jet

b-hadrons are reconstructed and several \
observables are calculated.

—————— impact
parameter

285 secondary
vertex

do_
S8_- primary vertex

* Unfolded data compared to different predictions.
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Fiducial definition

 Fiducial object definition:
- Prompt electrons and muons with p.>25 GeV, [n| < 2.5

- Anti-k_ jets with R=0.4, p_>30 GeV, |n| < 2.5.
b-jets tagged with the MV2c20 algorithm with 70% efficiency.

- Charged particles reconstructed from charged tracks with p.>500 MeV,
In| < 2.5

% - I 1T T | T 1T 1 ‘ T T T ‘ I T T | | | T T I:

j(é 3510 = ATLAS Preliminary —+— Data =

38 30100 [ Vs=13TeV, 36" —— Total prediction 3

' c with uncertainty 3

25.10% f— ~ Fiduciial eubb -

* To select a pure sample of b-jets 2010t - Qs  ~~ Mortbackaround - 3
and minimize any potential bias: (50t E
weakly-decaying b-hadrons are rouoh B E
reconstructed from charged S0 B E
particles and a tag-and-probe o B —in ]
technique is used. R . E
g 1:1‘ ; A R T o« 2 + é

S 09 E] e —

2 0.8 ;* .................... -3

g QEEl- =

05 Ev oo v v by b by by S

0 1 2 3 4 5 6

probe jet SV charged mass [GeV]
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Observables ATLAS-CONF-2020-050

* The following observables are measured for all the probe-jets passing the

selection.
/ momentum sum of all fiducial
o p%b charged daughters
Tb = en
pT,jet
=2 el _ ¢h _ _ _

& P P all fiducial charged particles that
ALb ~ peh |2 either are jet constituents or are
Piet b-hadron daughters

h
2%
e
Pt t Pt
ch

n, = number of fiducial b-hadron children.

Observed distributions are unfolded using a Full Bayesian Unfolding
method to get the particle-level differential cross section.
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b-fragmentation uncertainties

* Uncertainties are considered for tt modeling, background prediction and
detector. The statistical uncertainty is dominant in a few bins.

0.030
ATLAS Preliminary Total 0.06|- ATLAS Preliminary Total |
_ 0025 VS=13TeV,36fb™" - Signal modeling | J/s5=13TeV,36f0~"  ——— Signal modeling
E """ Tracking "E oo+ TT/= TraCking 7]
8 —— Pileup o —— Pileup
£ 00201 1 =
T ' ... v Other 8 oo0al e Other |
c c
> LT : S
c 0015 ! | 1 =
o i : O 003} pmmmmmmee .
g N 2 | S T i |
&= o010 | | 1 £ ; | b i :
= I I — 0.02} : | | : |
° | oo B | B | | |
[ I | S ! Fr———— =TT T T T ey i —
Q 5 00s| = S 1 [ {1 = 001l { .................... . T 1
' | f | f
! ' i
N e
0:000 0.00 0 1 2 3 4 5
ngh bin
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Results - different generators ATLAS-CONF-2020-050

* The differential cross section is compared with different MC predictions.

Q FTTTT FTTT I'TTT T T TTTT FTTT TTTT 1T FTTT 7114 ~ 0'4 T T 1T | L ‘ T 1T ‘ L | L | T T | L | T 1T T
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* Predictions are mostly in agreement with the particle-level observed cross
section.
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Results - different parameters

* The differential cross section is also compared with different MC tunes for
Powheg+Pythia, Powheg+Herwig and Sherpa.
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1.2
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= = =
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o
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O rr 71717 [T
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——— Pow+Py8 rg = 0.855a-5R = 0.111
Pow+Py8 rg = 0.855 PSR _ 0.139
Pow+Py8 rg = 1.050 o .5R = 0.127

ATLAS Preliminary
Vs=13TeV, 361
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'lllT\IIIII‘\\IIIIII\

______

1.5

=N

Ratio to data

2.2

2

1.8

1.6

1.4

1.2

0.8

0.6

* The observables are found to be sensitive to the MC tunes. In general,
good agreement is observed within the data uncertainties.
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Conclusions

 The study of b-fragmentation related observables using b-quark J/
decays and K_° and A° hadrons in events containing top quarks has

been presented. These research proves that tt events can be used to
study b-fragmentation and give insight on improving the modeling of
the underlying event or color reconnection.

* A new ATLAS analysis has been presented for the first time. This
analysis probes b-fragmentation and hadronization modeling using tt
events.

* Results at detector or particle level are compared with different

predictions. Most of the state-of-the-art parton shower generators give
predictions in agreement with the SM, with small exceptions.

Thank you!
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Color reconnection

B = Gy
e wm qr
B BG
j_ e
T RCQr G
i REB
L — ‘?‘h 1
[ e— ]\ )
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K.” and A° production in tt (ATLAS)

Main uncertainty: choice of MC to calculate efficiencies — modeling
of the parton shower and hadronization.

Systematic uncertainty MC choice PU Tracking JES  JER Fiducial Non-closure

Relative values <20-25% ~8% ~4-5% <5% <5% < 5% <1%
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Unfolding to particle level

Parton multiplicity
distributions (migrations
might be important):

—— 40 s s o
fo) = i : = . .
3~ g5F ATLAS Simulation 3 For most of the kinematic
> o 771" Powhegupythias i 1 distributions: efficiencies
o 30:— Inside b-tagged jets = ) _ ]
& o5f T v, -wInsidenonbtaggedjets 3 calculated In a bin-by-bin basis.
= - :,: -o- Outside jets -
O 203_ -v- - All iz
= = -.--I- -*- )
W 45 7 e -
- - -
10:— —a—Y = 3 . ] . ; .
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Yields

9/16/20

ATLAS-CONF-2020-050

events with eujj (= 1 b-tag) ‘ probe-jets
process predicted yields
fiducial t7 — 44000 + 12000
non-fiducial 7 — 6700 <+ 1900
total ¢f 76000 =+ 18000 51000 =+ 12000
single top 4400 + 1500 1580 =+ 600
Z+jets 125 +45 13.0 +5.1
diboson 90 =+ 34 97 +39
total non-tf 4600 + 1600 1600 =+ 600
b-jets = 52200 =+ 12000
c-jets = 180 =+ 60
other jets = 250 £ 70
total prediction | 81000 =+ 18000 53000 =+ 12000

observed yields

data 88511 57476

Juan R. Gonzalez - University of Nebraska-Lincoln
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b-fragmentation uncertainties

* Uncertainties are considered for tt modeling, background prediction and
detector. The statistical uncertainty is dominant in a few bins.
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Results - different generators

ATLAS-CONF-2020-050

* The differential cross section is compared with different MC predictions.
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* Predictions are mostly in agreement with the particle-level observed cross
section.
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